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THE FUNCTION OF HAND WORK IN THE 
SCHOOL.* 


By Cuaries R. Ricnarps, 


Professor of Manual Training in Teachers’ College, 
Columbia University. 


From the standpoint of evolution, education “is the 
adaptation of a person, a self-conscious being, to en- 
vironment, and the development of capacity in a per- 
son to modify or control that environment.’+ This 
environment on the one side is the physical world with 
its facts and forces, on the other that vast complex 
evolved through human thought and feeling which we 
eall civilization. The educational procese involves 
adaptation and control in both of these spheres, and 
its goal is the harmonizing of the individual will with 
the upward forces operative in both. The immediate 
end before the individual at each stage of this develop- 
ment is effective participation in the life of his fellows, 
and the aim of education may be stated in terms of 
our current philosophy as the development of social 
efficiency in the individual. 

Such an aim evidently implies, on the one hand, the 
building up of knowledge and motives of social value, 
and, on the other, the development of power to apply 
. Such knowledge and motives to social ends. The con- 
dition underlying such growth and such development 
is evidently that of interaction with the environment. 
Impressions and experiences come from without and 
leave their mark in mental changes; the individual 
reacts and develops capacities. But what is the trend 
of these reactions, and what are the lines of growth 
that stand for social efficiency? 

Prof. John Dewey states that “all conduct springs 
ultimately and radically out of native instincts and im- 
pulses." { In Prof. Wm. James's words, “Education (is) 
. « « the organization of acquired habits of conduct 
and tendencies to behavior.”§ Taken together these 
statements apparently mean that the task of education 
is to organize instinctive tendencies in human nature 
into habits of social value. What then are the vital 
native instincts, and what is the nature of the habits 
to be developed? 

Strongest of all the tendencies evident in human life 
are the instincts that make for self-realization. Per- 
heps we may better say that these tendencies consti- 
tute the active principle in human life, and that to put 
forth and express the self in outward form is the first 
law of being. The mere bodily structure involves con- 
tinuous reaction at contact with the outer world. 
“Every current that runs into it [the brain] from skin 
or eye or ear runs out again into muscles, glands, or 
viscera,” | and the sum of these reactions, when guided 
by reason and the will, constitutes the story of the in- 
dividual life. This registering of impressions in some 
form of motor discharge represents, we are told, not 
only a natural tendency of the organism, but is at the 
same time an essential condition in securing a lasting 
quality in such impressions. “No reception without 
reaction, no impression without correlative expres- 
sion.” 

Viewed in this light, impression and expression are 
but two phases of the mental and bodily response to 
outward stimuli, each playing an essential part in 
building up knowledge and in developing capacities. 
Intrinsically and outwardly then we are what we do. 
In this embodiment in outward form the self develops 
its structure and writes its record of performance. It 
is peculiarly true that the social value of the single 
life is measured on the side of outward manifestation. 
As the individual conceives, images and reflects he 
affects others only potentially; as he acts and puts 
forth, and then only, does he enter into the life of 
society and become an influence in that life. The very 
meaning of social efficiency is obviously the ability to 
put thought and feeling into forms which will reach 
the thought and feeling of others. 

This inner demand for expression in deed and word 
is fundamentally the motive for all our effort. We at- 
tend to things not for the sake of mere knowing, but 
to be the better able to make use of our knowledge, 
and better to play our part in the world. 

With the adult. expression of the self in conduct and 
achievement takes many forms, both spiritual and ma- 
terial. Family and social life develop manifold mani- 
festations of the individual spirit. The relations of 
husband, friend, citizen and worker are but different 
channels in which the soul displays its qualities and 
fulfills its tendencies. As the grasp of cause and effect 
deepens, and the mental horizon widens, life tends to 
declare itself in more and more subtle and indirect 
channels. The realization of an end often means the 
setting in motion of a long and complicated chain of 
causal agencies which operate only gradually and 
cumulatively toward a result. Expression culminates 
in the revelations of the spirit, and the highest expres- 
sion may be but a sacrifice of action. “They also serve 
who only stand and wait.” But whatever be the form, 
the measure of life is the extent to which the individ- 
ual impresses his thought and ideals upon his sur- 
roundings—the degree, in short, to which the individ- 
ual affects the social whole. There are indeed in- 
stances where, through lack of vitality, mental one- 
sidedness, or lack of social sympathy, this instinct 
toward expression seems almost absent, but these cases 
are fortunately rare, and for the race at large to live 
means to do, to achieve, and to serve. 

This instinctive tendency toward self-expression 
represents not only the primal instinct or sum of in- 
stincts in human life, but its realization in social 
terms represents also those activities which education 
demands shall be organized into habits. 

What are these habits, indeed, but the habits, speak- 
ing broadly, of carrying sound thought and right feel- 
ing into action? To carry thought and feeling into 
action is precisely the function of self-expression. 
Without these intrinsic elements expression is barren 
of the self, barren of satisfaction, and barren of edu- 
eative return. 

The real question here relates to the quality of self- 
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expression involved. That this expression should take 
right directions and be effective in its character, in 
other words, that it should serve social ends, is evi- 
dently a fundamental requirement. Whether the 
habits formed are effective and whether they tend in 
right directions will evidently be very largely a ques- 
tion of the nature and influences of the particular en- 
vironment to which the individual is exposed. Prac- 
tically speaking, then, the important thing to be real- 
ized from the self-expressive tendencies in the matter 
of habits is disciplined powers of right action in the 
life conditions that confront the individual at each 
stage of growth. 

To summarize the foregoing argument, it would ap- 
pear then that the fundamental need of education, in 
building up the knowledge, motives and powers that 
make for social efficiency, consists in the provision of 
natural and appropriate opportunities for the self- 
expressive tendencies in lines that stand for social 
service. 

In the early years the natural and organic character 
of the demand for self-expression is strikingly evident. 
It is, indeed, the most obvious thing about the normal 
and healthy child, but life at this stage is less complex 
than with the adult, and with his smaller horizon and 
crude powers of perception and reasoning, the natural 
forms of expression must needs be simple and direct. 
Neither reason nor the will carries the young actor to 
very distant or devious ends, and an idea or an impulse 
that reaches consciousness finds its immediate reflec- 
tion along the line of least resistance. 

We are coming slowly to understand what an im- 
mensely important factor manual expression repre- 
sents on this side of child life. It is true that in these 
early years as in the rest of life spoken language is the 
largest instrument of expression. Gesture, written 
speech and music have also their particular and neces- 
sary functions; but drawing, painting, modeling and 
construction stand in specially significant and essential 
relations to child nature. The child’s world is very 
largely concrete and material. His mental outlook is 
based upon sense impressions, and his instinctive activ- 
ities deal mainly with visible and tangible results. As 
Kipling has said, “A child's mind is bounded by his 
eyes.” At this stage the reality has a meaning long 
before the symbol, and visible embodiments of the act- 
ual fact have a satisfying and comprehensible quality, 
far in excess of word expression. While the mental 
life is so much of this character, it is evident that the 
natural activities will deal largely with material things 
and that tne instinctive tendencies will find their truest 
fulfillment in these conscious values. Not only is the 
incoming stream of impressions largely a matter of the 
material world, but the nature of childhood and boy- 
hood makes this world a natural field of action. That 
the child is emphatically a motor being means to us 
primarily that his motor reactions tend to issue in the 
larger muscular movements. He must give play to the 
growing muscles over which he is just gaining control. 
He must run, leap and wave his arms, and, above all, 
he must do things with his hands. Whether the school 
gives opportunity or not he must build his sand fort, 
his cave, and his hut, and make his pictures of the real 
or fancied world. 

The motive underlying such activities goes beyond 
mere execution. The fact that the products of such 
activities have a use, a part to play in the life of the 
individual at that particular moment, is the root of the 
incentive. The fact, too, that such results can be 
shared and made to minister to the service of others 
in a very definite, tangible fashion represents one of 
their greatest meanings and values. The real value of 


both activity and result is the natural opportunity - 


afforded for self-expression. The products are tangible 
and convincing embodiments of the self. They are vis- 
ible achievements that at certain stages of growth 
represent a satisfying fulfillment of the inner life. 

Outside of these important relations of manual activ- 
ities to child life is the vast significance of the graphic 
and constructive processes in their relation to the life 
of society at large. Through these activities man has 
gained the present control of his environment and 
made possible the social life of to-day. Civilization 
with all its meaning in spiritual and mental life still 
rests upon this foundation, and the energies of a large 
share of the human race are to-day devoted to direct 
participation in these activities. Any outlook upon 
social life consequently can hardly be sound or ade- 
quate unless it rests upon an insight into these funda- 
mental industrial and economic relations, and prepara- 
tion for that life can hardly be strong and rounded un- 
less it has involved some direct contact with such 
activities. 

It is through these activities also that the creative 
imagination plays about the material world and evolves 
its images of use and beauty. Not only does invention 
and improvement in constructive design take form 
through these channels, but through them are revealed 
as well the manifold creations of the artist. Not only 
do these processes lie at the root of practical affairs, 
but in various guise of form and color they serve as 
media for the highest expressions of the human soul 
and minister to the deepest needs of the spirit. 

Enough has perhaps been said to indicate the great 
importance of expression through the hand, both as an 
organic need of child nature and as a road to the 
knowledge and powers of value in social life. If such 
important functions are represented by these activities 
in the educational process at large, it is evident that 
they must claim, not a subordinate and isolated place 
in instruction, but a fundamental and intimately re- 
lated part in general school work. 

As has been noted before, it is in the earliest years 
of childhood that the instinct toward material forms 
of expression is strongest and most significant. It is 
then that the graphic fact has the greatest value as a 
road to comprehension, and it is then that the evolu- 
tion of the concrete product most helpfully fosters the 
sense of self-achievement. It is consequently in the 
elementary school, and particularly in the lower grades, 
that manual expression is most important as a method 
of instruction. Beyond this point manual work un- 
doubtedly becomes less necessary and natural as a 
common. form of expression, and its educational im- 
portance is represented more and more in its signifi- 
eance as subject-matter. In this latter educational 
period the forms of manual expression that best fulfill 
the purpose of the school are unquestionably those 
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which relate to the temperament and tastes, and, in a 
broad way, to the after-life of the individual. 

With the child of the primary grades, however, we 
have a being absolutely dependent upon objective crea- 
tions for the competent expression of its mental life, 
and a being in whom the tendency toward such expres- 
sion is constant and spontaneous. In the kindergarten 
and lower primary grades the instinct toward such ex- 
pression is largely represented by the tendency to re- 
produce the actual or the imagined environment. All 
through this period the mental activities of the child 
are largely concerned with the collection and classi- 
fying of sense impressions. These impressions with 
their emotional references form the imaginative life of 
the child, and tend constantly to issue in tangible form. 

In the kindergarten the child’s immature powers of 
perception and reasoning render him content with 
crude symbols of the real fact. As has been often 
pointed out, he sees only the large or the striking 
features of an object—the mass, not the detail—and it 
is these he seeks to reproduce. But with growing 
powers he comes to perceive finer and finer differences, 
and his reproductions tend more and more to approach 
the reality and to involve greater detail and accuracy. 

It is on this side of representation that occur the 
most obvious possibilities of relating manual expres- 
sion to the impression or knowledge side of the school 
work. Here, both in regard to the facts of science and 
the imagery of story, pictorial and constructive ex- 
pression lend themselves in a fitting and effective man- 
ner to deepen and vivify impressions. It is then that 
the drawing of natural forms, the making of Hiawa- 
tha’s canoe, his wigwam, and his blanket, and the re- 
production of the log house of the colonist have their 
natural and fruitful opportunities. 

It is by no means essential—indeed it would be most 
unnatural—that such expressions of observed or pic- 
torial fact show an exaci correspondence with the 
reality. The important point is to obtain a true index 
to the image in the child’s mind, and so develop the 
opportunity to strengthen and correct that image. Fail- 
ure to use the methods of graphic expression because 
the child is not capable of making an exact reproduc- 
tion, is to ignore child nature and to run the danger of 
overestimating his capacity for accurate imaging. 

This tendency to both pictorial and constructive 
representation so strong through the earlier years per- 
sists in some degree for a long time, but as the interest 
in and demand for reality increases, the natural trend 
of constructive expression is toward results that serve 
a practical and useful purpose. When this tendency 
has strongly developed, the problem of connecting with 
the other school work, on the constructive side, be- 
comes more difficult, and the possibilities in this direc- 
tion depend almost entirely upon the plan and spirit 
of the school work as a whole. If the course of study 
is built upon the conventional plan of a series of 
clearly defined subjects and processes, each pursued in 
an independent and unrelated fashion, and is not based 
upon some central motive arising out of the natural 
instincts and capacities of the child and his relations 
to social life, the possibilities of systematic and effec- 
tive use of manual expression in the service of the 
school are of course very much limited. It is only 
when such a central thought is present in the work of 
the school toward which all its resources contribute 
that manual expression can reach its full scope as a 
method of instruction. 

The general plan and spirit of the school conditions 
also another possibility of these activities, viz., the 
matter of co-operative work. If we are to prepare 
effectively for social life through the school, one of the 
things that seem most evident is that the school must 
reproduce as far as possible the conditions to be dealt 
with in life. As Prof. Dewey puts it, “The only way to 
prepare for social life is to engage in social life.” 
Manual work unquestionably presents peculiarly prac- 
tical opportunities in this direction. Where the pro- 
ject is a common end that inspires all with a unity of 
thought and effort, such work is perhaps the most 
natural and effective means of bringing the community 
spirit and conditions into the school. 

It is true, on the other hand, that the opportunities 
of introducing such work under ordinary school condi- 
tions in a thoroughly natural manner above all but the 
lowest grades seem very limited. And it should be 
borne in mind that unless co-operative work is of a 
nature that affords each worker both incentive and 
opportunity to play his due part, it soon degenerates 
into disproportionate activity on the part of a few and 
dependence of the weaker or less-interested workers, 
and does little to develop self-reliance and initiative 
on the part of the latter. The practical problems pre- 
sented here are very large ones, and until further ex- 
perience has been obtained in this field it will evidently 
be impossible to define the limits of such work in the 
later grades and with large classes. 

Perhaps the greatest practical problem in all of this 
work is that of bringing the worker’s own thought and 
feeling into the process in a real and, at the same time, 
an effective fashion. We must keep constantly in mind 
the truth that to leave out these elements is to leave 
out the pith of the activity—to leave out the life within 
the form. We may expect to find right motive in the 
work only when the worker realizes that the thing at- 
tempted is well worth the doing. This by no means 
implies that the task should be merely pleasant or 
agreeable, nor does it mean that an immediate end 
must necessarily be present in the operation. It does 
mean, however, that the undertaking must minister in 
some way to the life instinct of the worker. It means 
that the particular thing attempted must bring either 
added insight or sense of worthy achievement. 

We dwell upon the importance of basing all instruc- 
tion upon interests, but the real dominating interest 
which in a large sense comprehends all others is this 
interest in the fulfillment of the self. We are truly 
interested in things only as they minister to self-real- 
ization, only as they relate to the possibilities of appro- 
priation and service for our special needs. The interest 
in a fact or a subject is but one side of the larger in- 
stinctive interest. The one conception of interest is 
static, the other dynamic. 

On the other hand, if we are to obtain the fullest 
mental return from these activities the worker’s own 
thought must be directed to the thing done. Only when 
the pupil is given opportunities for determining ends 
and working out means may we hope through manual] 
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expression, or indeed through any school work, to de- 
velop in the highest degree independence of thought 
and power of initiative. 

Both of these factors are essential in true self-expres- 
sion, and both are essential to the vitality of manual 
activities in the school. The making of a project 
planned by the teacher may mean much, but the mak- 
ing of a project conceived and planned by the pupil 
means more. Only in this way is the natural cycle of 
mental activities—feeling, thinking and doing—fully 
realized and made effective. Only in such terms can 
the full satisfaction and exhilaration of self-achieve- 
ment be realized. 

The practical realization of this principle means, of 
course, a distinct problem of instruction. How to give 
play to the young worker's immature ideas and at the 
same time obtain results that will develop his capacities 
in the most helpful way is a question not readily an- 
swered. The problem presented is essentially one of 
proportion and balance between freedom of expression 
on the one side and skill or mastery of process on the 
other. Extreme emphasis on the one side leads inevit- 
ably to a chaos of crude and ill-considered products, 
while attention restricted to the other results in mere 
drill and formalism. 


BENCH WORK IN WOOD—KIGHTH SCHOOL YEAR. 


RAFFIA AND BASKETRY—WORK OF FIRST FOUR GRADES. 
THE FUNCTION OF HAND WORK 


Through all such work runs the necessity of keeping 

pace with the intellectual progress of the individual. 
At each stage the thing done should be something ade- 
quate and satisfying to the consciousness of the worker. 
It must be no superfluous operation, but one in which 
the sense of achievement keeps pace with the feeling 
of capacity. There is no tonic in life so salutary or so 
stimulating as the consciousness of worthy achieve- 
ment, but the achievement must be worthy of one’s 
steel. 
Adequate opportunities for manual work in this 
sense are not readily offered beyond a certain point by 
the school studies commonly met with to-day, and such 
work must, at least at present, find its own content to 
a large extent directly in the social environment out- 
side of the school. Home life with its ethical, industrial 
and economic relations furnishes the closest and most 
natural illustrations of social activities, and typifies in 
concrete fashion the broader social world. This field, 
and. to a lesser extent, play life represent, and will 
always represent, perhaps the most proefitehle and at 
the same time most practicable centers of imi ?ediate 
inspiration for manual work in the school. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 


The real thing is to connect with life, to connect with 
the natural healthy instincts that make for mental, 
moral and physical growth in such way that every step 
tends to strengthen the sense of self-fulfillment and the 
powers of social effectiveness. 

In the high-school period the same close connection 
with the immediate interests and activities of present 
social life should obtain, but allowance should be made 
for the changed attitude of the pupil. The purely ma- 
terial result is no longer in itself an entirely adequate 
symbol of achievement. The mind is now capable of 
perceiving the relations between the immediate and 
the general, and is interested in experiences not wholly 
for their present meaning but in their value as related 
to more or less remote ends. Interest has now devel- 
oped in the growth of knowledge and powers in their 
broader significance, and the value of any subject must 
rest in a large measure in the extent to which it em- 
bodies and represents some important phase of social 
activity. The worker in the shop, laboratory or school 
kitchen is no longer satisfied to stop short with the 
concrete result. He demands insight into the larger 
meaning of his experience and the relations of his spe- 
cial task to the interests of society as a whole. 

Much may be said of the healthful and invigorating 
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work experience, but a recognition of the great ends 
served by such activities and an opening up of interest 
in the aims and ideals of those who lives are spent in 
such work. Such experience should tend to develop 
interest and sympathy in these great provinces of art 
and industry as worthy fields for the highest triumphs 
of self-achievement, and an enthusiasm at the prospect 
of contributing in some measure to serve and control 
these great agencies of modern life. 

In such ways may this work not only lead to a better 
insight into the civilization of to-day, but, at the same 
time, play its part in developing ideals and aims in 
sympathy with the forward movement of that civiliza- 
tion. In such ways may manual work in the schools 
do its part to bring about that complete living of the 
philosopher which shall comprehend in its understand- 
ing all the basal activities of our social order and in its 
sympathies all the ideals. 

STRATIFICATION OF DiscHarces.—The luminous por- 

tions of a stratified discharge are those in which 


the number of ions per unit volume is a maximum, 
while it is a minimum in the dark portions. On the 
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influence of manual activities at this adolescent period 
of life and of the tonic value of the concrete and ex- 
ternal interests involved, but these alone cannot suffice 
to satisfy the growing standards of self-achievement. 
To these values must be added an insight into the large 
factors typified by the immediate experience, viz., the 
artistic, domestic, industrial and economic relations of 
society. 

Upon this side important elements are the consid- 
eration of the sources and distribution of the raw ma- 
terials dealt with, the processes and changes by which 
these raw materials are brought into commercial form 
and transformed into finished products, the industrial 
and economic factors involved in these processes, the 
tendencies of modern development, and the part played 
by these materials, industries and products in the na- 
tional wealth. 

And finally the spirit back of such instruction in the 
hieh ~' >! and at all other stages should not only con- 

large the outlook upon the life of to-day, 
serve as well to quicken the sympathies 
iderlying forces operating in that life. Not 

n v'edge and skill should come from the hand- 


BY PUPILS OF THE FOURTH SCHOOL YEAR IN 
CONNECTION WITH THE STUDY OF COLONTAL HISTORY 


FORGING—THIRD YEAR OF HIGH SCHOOL. 


IN THE SCHOOL. 


anode side of each bright stratum there is a positive 
surface charge, and on the cathode side there is a 
negative surface charge. At the electrodes there is 
a diminution of ionization by electrolysis, and this 
diminution is particularly great at the cathode in 
consequence of the difference in the velocities of the 
positive and negative ions. In the dark spaces the 
forces driving the ions are greater than in the bright 
strata. They are greatest at the cathode. This im 
plies a corresponding variation of the potential 
gradient. J. Stark sketches the production of strati- 
fication as follows: As soon as the discharge has been 
started, the difference of velocity between the two 
kinds of ions produces a reduction of the ionization 
and hence also of the force at the cathode. The nega 
tive particles acquire a great velocity and retain it 
for considerable distances owing to ionic shooting. 
The negative glow light is a region of strong ioniza- 
tion. which reduces the velocity of the negative ions 
and produces an accumulation of them just beyond it. 
That accumulation acts as a_ secondary cathode 
and produces simuar phenomena -J. Stark, Phys 
Zeitschr., January 19, 1901. A 
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GRISSON GEARING. 


Great difficulties are continuously occurring in me- 
chanical transmissions, especially where the ratio of 
transformation is very high, in which cases the use 
of belts, cogs, worms, etc., is either impossible or 
difficult or entails great loss of energy. Of late the 
so-called Grisson gearing has been attracting much 
attention in this line. The gearing is not expected 
to displace ordinary gears, pulleys, worms, etc., in 
machine building, but is to be used in those cases where 
the present construction presents difficulties or does not 
answer the requirements. 

The Grisson gearing has the following advantages: 

1. It allows of large ratios of transmission, with 
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small distances between axes. The smallest per: 
missible ratio of transmission is 1 to 5. 

2. The teeth are always in line. 

3. The transmission may be from fast to slow or vice 
versa. 

4. The axes of the gears are parallel. 

5. The gearing runs smoothly and without shock or 
jar. 

6. The efficiency increases with the ratio of trans- 
mission. 

7. Friction and deterioration are kept within or- 
dinary limits, 

&. Lateral pressure is avoided. 

%. Great security from breakage is guaranteed. 

10. Efficacious service; the gradual deterioration of 
the working parts does not cause any abnormal change. 

11. The parts are easily replaced when they become 
worn out 

12. The parts are so placed that they can easily be 
reached for oiling or cleaning, and, furthermore, the 
gearing is such that it can be sold at a moderate price. 

As will be seen in Fig. 1, the Grisson gear consists 
of a cam wheel and a roller wheel. The cam wheel 
bears on its hub two sickle-shaped teeth situated in 
different planes and set at an angle of 180 degrees. The 
roller wheel is made up of three flanges or disks, in 
which two series of pins are mounted around the pe- 
riphery, and these pins are fitted with rollers. In the 
large gears a spoked wheel with flanged rim is em- 
ployed instead of continuous disks. 

A large ratio of transmission can be had in a small 
space, since the roller wheel is moved but two teeth 
every revolution of the cam wheel; while the com- 
pressed construction of the Grisson gear permits of 
far greater strain on the separate parts, as the cams 
can be made much stronger than the teeth of a wheel 
answering to the same diameter of shaft. The pins 
bearing the rollers on the roller wheel have no bend- 
ing strain like the teeth of a cog wheel, but simply a 
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shearing strain. On account of their short bearings 
on each sideethey can stand an excessively large strain. 
Both the cam and roller wheels are as a rule attached 
in the same way as cog wheels, being keyed to the 
shafts. 

The following example serves to show the possibility 
of attaining higher ratios of transmission with small 
distances between shafts than is possible with ordinary 
gears 

Fig. 2 shows an electric motor built by the Union- 
Elektricitiits Geeellschaft, of Berlin, which has been 
used in various forms for rock drills. 

The motor makes 1,800 revolutions a minute, and 
there was formeriy between motor and drill shaft the 
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largest possible gear for the shaft distance, viz., 1:54. 
This gave the rock drill quite a high circular speed, so 
that when boring hard rock it became dull in a very 
short time. As it was impossible to change the motor 
if keeping the same dimensions and power, the cog 
wheels were removed and replaced by a Grisson 1:10 
gear, which reduced the revolutions of the drill one- 
half and increased the efficiency of the motor corre- 
spondingly. 

Fig. 3 is a graphic representation of the theoretical 
development of the gear, which differs from others in 
having pitch circles which do not touch and unroll on 
each other, but move at the distance of the roller 
radius. The cam curve is formed by three circular 
movements having the same angular velocity, which 
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point of catch of the cam curve. The correctness of 
this theory can be proved easily with a model. 

The efficiency of the gear depends upon the size of 
the angle between the lines of force and the tangent to 
the pitch circle during the time the working curve is 
in catch. 

Fig. 4 shows a transmission at the rate of 1:5. The 
first position of the cam is where it leaves the roller 
and where the line of force forms an angle of 30 de 
grees to the tangent. The second position shows the 
corresponding cam, the line of force forming an angle 
of 13 degrees to the tangent. In the third position the 
cam is just half way on its working course when the 
corresponding line of force is the tangent to the pitch 
circle. 


Fig. 2. 


corresponds to the ratio of transmission, and rays 
determined by the circle centers of the one progressive- 
ly rotating point and having a circular velocity corre- 
sponding to uniform work moments. 

The rays which form equal moments of work with 
equal circular speeds cut the central axis of the shaft 
at a point which divides it inversely proportional to 
the transmission. 

The curve representing all points of tangency of the 
required cam curve forms the respective cam curve 
upon unrolling. The cam tooth is formed by the re- 
ciprocal unrolling of the same, and as there are always 
two teeth opposing each other at an angle of 180 de- 
grees, the constrained action of the teeth is insured. 

As may be seen in Fig. 4, the course of operation is 
such that one tooth is already beginning to catch when 
the other is just leaving the roller. 

From the course of the lines of force it will be seen 
that Grisson gearing is capable of transmitting from 
fast to slow or vice versa. The normal action, how- 
ever, is the transmission from fast to slow, as the 
roller is gradually accelerated from the moment of 
clutch until leaving the cam curve. As the cam wheel 
has but two teeth, the separate catches are audible 
as the roller comes to a complete standstill during 
a revolution of the roller wheel. When the number 
of revolutions is sufficiently high the sound of catch- 
ing disappears if the circular speed of the roller and 
cam curve at the moment of the catch are equal. 
If this limit is passed with very high revolving speed 
a slight drag will occur at the moment of the entrance, 
which is audible in a slight increase of sound. This 
nuisance can easily be abolished by using a thicker 
lubricant, which will lessen the speed of the roller. 
The action of Grisson gearing as speed step-up is 
necessary, e. g., When used as lifting gear, in order that 
the load may be lowered without loss of energy. Prac- 
tical trials have shown that when the load is lowered 
the high efficiency of the Grisson gearing makes the 


uncoupling of rope drum from driving gear or motor 
superfluous. For hand machines of high ratios also, as 
well as for transmission driving, the Grisson gear can 
be employed with equally favorable results. 

To give conic gearing the Grisson form would be of 
no practical value, as the cost of manufacture would be 
too expensive, and as a rule conic gearing is not em- 
ployed with such high ratios of transformation. The 
smooth working of the Grisson gears is due to the fact 
that they work with equal circular speed and constant 
moments of energy. 

From Fig. 4 it will be seen that the moments formed 
by the lines of force of any assumed force are equal in 
contents; there must, therefore, be equilibrium at any 


Fig. 5 illustrates a ratio of transmission of 1:10. 
The line of force in the first position is a tangent to the 
pitch circle, and the line of force of the corresponding 
cam makes an angle of but 10 degrees with the tangent. 
In the middle position the angle is only 2 degrees. 
This proves that the efficiency of the Grisson gearing 
improves with the increase of the ratio of transmission. 
The efficiency of the gear depends on the satisfactory 
choice of proportions effecting the construction of the 
gear, and can with heavier loads rise above 95 per cent. 

By favorable position of the lines of force inner 
friction is reduced to a minimum, there being the same 
connection between cam and roller as between car 
wheel and railroad track. 

The gear is forced by its construction to work into a 
curve corresponding to its ratio of transmission and 
the shaft distances. The working surface of the cam 
wheel becomes hard, and the wear and tear is kept 
within the usual limits. The wear and tear between 
roller and pin is reduced to a minimum by hardening 
the pin surface. 

That there is no lateral pressure in the gearing will 
readily be seen from the foregoing descriptions, so 
that it will not be necessary to give this point further 
notice. 

In all makes the dimensions of the cam are taken 
so large that breakage is out of the question. The pins 
are supported on both sides by short bearings, suffer 
only shearing strains, and will therefore bear far 
greater loads than the teeth of a cog wheel acted upon 
by bending strains, but under otherwise the same con- 
ditions. The pins are made of the best steel and so 
chilled that while the surface is hardened the core 
of the pin remains tough. Upon looking over the 
separate parts of the gearing it will be found that the 
cam wheel shaft would be the first to break from tor- 
sion if overloaded. If, therefore, the cam wheel shaft 
is given sufficient diameter, interruption to working 
by breakage will be practically impossible. 


As the gear works with equal circular speeds corre- 
sponding to the ratio of transmission and with in- 
variable moments of energy, the catching of the cam 
wheel is even correct when the gears are not given the 
proper shaft spacing for which they were cut. 

When the time comes for pins and rollers to be re- 
placed on account of wear and tear the eye-bolt fasten- 
ing especially constructed for the Grisson gearing and 
also patented is removed, the pin knocked out laterally 
and new rollers and pins put in. These repairs can 
be made in a very short time. The body of the roller 
wheel remains unaltered always, and it is not necessary 
as with cog wheels to unmount larger parts of the 
machinery. ven though foreign bodies should zet 
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into the gear and cause roller and pin to break, a 
long interruption is not caused, as it is not necessary as 
it would be with cog wheels to cast, turn, and cut 
completely new wheels. 

After being mounted the Grisson gear requires no 
especial attendance. It is surrounded with a pro- 
tective casing, the same as with ordinary gears, and 
enough oil poured into this to make the lower part of 
the gearing dip into it. 

Of course, the gears are a little more costly than 
ordinary cog wheels on account of the precise work- 
manship required and the complicated special ap- 
paratus which are indispensable in their making, but 
the additional price is outweighed by the advantages 
gained. 

Fig. 6 illustrates a very practical form of a 2 horse 
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around Berlin, and on the chief suburban lines. A 
ten pfennig (about a penny) ticket can be used by a 
passenger for a third-class journey from any station 
on the line to any up to the fifth station from the point 
of departure. For all stations after the fifth double 
fare is charged. Second-class single fares under the 
same conditions are fifteen and thirty pfennige, re- 
spectively. A fifteen-pfennig ticket can also be ob- 
tained from the automatic machines; two “nickels” 
have to be put in the slot in that case, whereupon the 
machine delivers the ticket with a five-pfennig piece 
as change. This system saves the passenger much 
time, and certainly saves the railway company at least 
one window at each ticket-office. In all Berlin rail- 
way stations no one is allowed on the platform unless 
he is going by train or purchases a platform ticket. 
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ities are giving serious consideration. Their ideas on 
the subject of the new issue will be embodied in a 
report which will be placed before the King, who will 
give the final decision. This question of the position 
of the monarch’s head is practically the only one that 
has to be settled, as we understand it is not intended, 
as a consequence of the Queen's death, to make any 
changes in the colors of the stamps. One change in 
color will, however, shortly be announced to the public, 
but it was decided on some considerable time since, 
and has no connection with the death of Her Majesty. 
All the green adhesive stamps will be abolished and 
carmine colored stamps substituted for them. The 
Post Office has been obliged to make this change on 
account, it is understood, of the discovery that the 
green coloring matter used in the printing of these 
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power electric motor of the Gustav Conz firm, Ham- 
burg, for 220 volts at 1,200 revolutions per minute. 
The cam wheel is keyed to the motor shaft, and to 
the motor casing are attached two bearings for a trans- 
mission shaft having a pulley at the front end. The 
ratio of transmission being 1:12, the pulley makes 
100 revolutions per minute. 

In special cases the Grisson gear can be formed to 
suit the conditions as is illustrated by Figs. 7, 8, and 9. 
Fig. 7 shows the normal make; cam wheel and roller 
wheel are keyed to their respective shafts. Fig. 8 
shows a case where the roller wheel is given a tooth 
rim shape, so that it can be attached to other parts 
of the machinery. Fig. 9 shows a Grisson gear with 
the teeth of the cam wheel cut in one piece with 
the shaft. This form allows a still greater reduction 
in distance between the shafts, and is to be recom- 
mended where the ratio is over 1:30. This arrange- 
ment may also be chosen when with smaller ratios 
than 1:30 the distance between axes has to be reduced 
to a minimum. 

A disadvantage of the Grisson gearing lies in not 
being able to use ratios containing fractions or which 
are very small, but there is no need to fill this last re- 
quirement, as in such cases there are other perfectly 
satisfactory machine elements at our service. 

The main object of the Grisson gears is to manage 


high ratios of transmission, and the experienc * gained 
leaves no doubt that they are in every way satis- 
factory in this respect. 


SLOT-MACHINE FOR CAR TICKETS. 
Tuts eminently practical plan, yet unknown in the 
United States, is in daily use in Germany. Says The 
Philadelphia Ledger: 


Automatic machines for the i railway 
tickets are a prominent feature at «a!! railw tio 
in Berlin and the suburbs. Their er ym facili 
tated by the fact that the zone tari! i fe 
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Fig. 7. 


This ticket costs ten pfennige, and is also supplied by 
automatic machines. It may be mentioned that by 
the sale of these platform tickets the state, which owns 
the railways, nets over £100,000 a year. During the 
last year over 30,000,000 tickets were supplied to the 
public by automatic machines at Berlin city and sub- 
urban stations. Few cases of fraud are heard of, for 
the “nickel” is small and light, and it is difficult to 
find a substitute for it. 


CHANGING THE ENGLISH STAMPS. 


AmonG the many changes which the death of the 
Queen will necessitate, one of the most important, 
and certainly not the least expensive, is in the stamp 
issue of the United Kingdom. It is yet too early to 
state the precise nature of the alterations that will be 
made, inasmuch as the Treasury, the Inland Revenue 
Department and the Post Office, the three government 
offices concerned in the matter, have not yet made up 


Fig. 10. 


their minds on the subject. Correspondence has passed 
among the three departments, and a decision will be 
made on an early date. 
One obvious and necessary change is, of course, that 
the head of King Edward VII. will replace that of 
Queen Victoria on all stamps; but the question that is 
agitating the minds of the officials is the position of 
the King’s head. It will, as in the present issue, be 
plac ed within a circle, but a suggestion has been made 
fr f ‘‘al quarter that the head should be 
! vost this has been urged that the re- 
d would make His Majesty look away 
ress. This may appear a frivolous objec- 
io severtheless, one to which the author- 


8. Fig. 9. 


stamps is of a poisonous character. The other colors 
are absolutely free from any such suspicion. 

The cost of the change may be estimated when it is 
stated that not only has a die to be cut for each sep- 
arate stamp, but, stamps being printed in sheets, each 
individual stamp in the sheet must have a die. Ejigh- 
teen postage stamps, ranging in value from one half- 
penny to £5, will be affected by the change. These 
stamps are, of course, also available for inland revenue 
and telegraphic purposes. There are also two series 
of embossed envelopes, one bearing a halfpenny and 
the other a penny stamp, which require separate dies, 
as well as newspaper wrappers and postcards. The 
preparation of these dies will occupy at least a twelve- 
month, and when they are ready the printing of the 
new stamps will be begun at once. Gradually the 
stamp with the familiar head of the Queen will pass 
out of use and find a place only in the albums of phila- 
telists. 


OUR RANK AS AN EXPORTING NATION. 


Figures compiled by the Treasury Bureau of Statis- 
tics show that the United States now stands at the 
head of the world’s exporting nations. The total ex- 
ports of domestic merchandise from the United States 
in the calendar year 1900 were $1,453,013,659, while 
those from the United Kingdom, which has heretofore 
led in the race for this distinction, were $1,418,348,000, 
and those from Germany, $1,050,611,000. A quarter of 
a century ago the United States stood fourth among 
exporting nations. In 1875 the domestic exports of 
the United States were $497,203.737; those of Ger- 
many, $607,096,000; those of France, $747,489,000, and 
those of the United Kingdom, $1,087,407,000. Today 
the United States is first, the United Kingdom second, 
Germany third and France fourth on these figures: 
United States, $1,453,013,659; United Kingdom, $1,418,- 
348,000; Germany, $1,050,611,000; France, $787,060,000. 
All these figures, it should be remembered, relate to 
the exports of domestic products. Thus in the quar- 
ter century the United States has increased her ex- 
ports from $497,263,737 to $1,453,013,659, or 192 per 
cent; Germany, from $607,096,000 to $1,050,611,000, or 
73 per cent; the United Kingdom, from $1,087,497,000 
to $1,418,348,000, or 34 per cent, and France, from 
$747,489,000 to $787,060,000, or 5 per cent. Official re- 
ports show the exports of domestic merchandise from 
the United States, the United Kingdom and Germany 
in the last decade thus: 

Years. United States. United Kingdom. Germany. 


$845,999,603  $1,282.474,000 $809, 810,000 
57,333,551 1,203,169,000 772,679,000 


3,237,315 1,105,747,000 T18.806,000 
729,454 1,062,162,000 361,000 
1894..... 7,312,116 1,051,193 20 607, 
807,742,415 1,100,452, 807: ‘ 

986,830,080 1,168,671,000 857.7 $5,000 
1,079,834,296 1,139, 882,000 884,486,000 
1,233,564,828 1,135,642,000 894,063,000 
1508 53,466,000 1,287,971,039 1,001,278,000 
& 53. 013,659 1,418,348,000 1,050,611,000 


‘THE LOSS OF GOLD. 


Tune annual loss of gold is very great. The amount 
of gold currency lost annually by wear and tear alone 
is considerable; McCulloch estimates it, says Cham 
bers’s Journal at 1'% per cent of the total amount in 
circulation, or £7,500,000 for gold and silver com- 
bined. On this basis it may be calculated that the 
annual loss which actually takes place in gold alone 
by wear and tear is about £4,000,000. Gold is lost in 
many other ways; vast quantities are hoarded (espe- 
cially in foreign countries), and a large proportion 
of this is subsequently lost, as shown by the quantity 
of treasure trove which comes to the surface every 
year, though it probably represents but a small part of 
that which has been concealed, and every ship which 
founders at sea takes a certain amount of gold with 
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it, which may amount to anywhere from a few pounds 
to millions, if it happens to be laden with the precious 
metal. The amount of gold required annually in the 
arts is estimated at £16,000,000, and as this calcula- 
tion was made a few years ago, when the annual pro- 
duction was about £24,000,000, it follows that the 
amount used in this way is about double that which 
is used as currency. 


THE INFLUENCE OF SUBMARINE CABLES UPON 
MILITARY AND NAVAL SUPREMACY. 
By Georce O. Squier, Captain Signal Corps, U. S. A. 


Tue accidental non-delivery of two cable messages 
from the Minister of Marine (Bermejo) to the Com- 
mander-in-chief of the Spanish squadron (Cervera) at 
Martinique, undoubtedly largely changed the whole 
history of the Spanish-American war. 

One of these telegrams informed him of coal supply 
near at hand, and the other granted him permission 
to return at once, with his squadron, to Spain. 

Admiral Cervera’s firm stand against the dispatch 
of the Spanish squadron from the coast of Spain to 
West Indian waters is heroically and almost pathetic- 
ally shown in the recent publication, by permission of 
the Queen Regent, of the official dispatches. At Cape 
Verde, and before and after, by cable and by letter, he 
points out the unpreparedness of his squadron, and 
predicts its certain destruction if it proceeds. Know- 
ing his strong views, it is probable that he would have 
lost no time in coaling and starting back to Spain 

With Cervera’s squadron returned to Spain there 
would have been no Santiago campaign, the Flying 
Squadron would probably have been sent to the coast 
of Spain, and the land operations in Cuba directed 
against Havana 

Cervera’s fleet not eliminated, who can say how long 
Spain may not have been able to resist, and what ad- 
ditional blood and treasure the struggle may have 
cost the United States 

The story of the Spanish-American war is largely a 
story of “coal and cables.” That war for the first time 
demonstrated the dominating influence of submarine 
cable communications in the conduct of a naval war. 
As a result of it the principal maritime powers, with 
colonial vossessions, are each at present elaborating 
their “cable policy,” and have awakened to a realiza- 
tion of the fact that reliable submarine communica- 
tions under exclusive control are not only absolutely 
necessary, but exercise a dominating influence upon 
the control of the seas, whether in commercial strategy 
or in military and naval strategy 

\ modern war between two naval powers has re- 
duced itself ‘argely to a war of “coal and cables.” 

At present the submarine telegraph is a powerful 
instrument ot war, more powerful, indeed, than battle- 
ships and cruisers, since by its wonderful and in- 
stantaneous communications of thought, it brings dis- 
tant countries and colonies together in sympathy, 
which is the only true and permanent tie 
IDEAL MEANS OF TRANSMITTING 


INTELLIGENCE 


ELECTRICITY THI 


The triumphs of science in the last half century 
have been nowhere more exemplified than in the 
enormous strides made in the facility for transmitting 
intelligence. The mails, the telegraph, and the tele- 
phone are civilizing the world. Perfect as is the mail 
system of to-day, a monument to organization, yet 
its swiftest messenger—steam—is so far outstripped, 
either on land or sea, by the practically instantaneous 
electric current, that the tendency, year by year, is to 
put more of the world’s business “upon the wire.” 

Time has an international money value in trade, 
and a paramount strategic value in war. The fastest 
mail express, or the swiftest ocean ship, are as naught 
compared with the velocity of the electrical impulse 
which practically annihilates any terrestrial dimen 
sion. As the distance increases, electricity surpasses 
steam in a continuously increasing ratio. A message 
is to be sent half way around the earth; the minutes 
required by the telegraph run into weeks and months 
by the slow process of the mails. Steam time is di- 
rectly a function of the distance to be traversed, and 
from the nature of things is twice as long for two 
miles as for one. If, then, the cable saves six days 
between Europe and America, it will save more than 
twice this time between America and the East, and is, 
from this point of view, correspondingly important 
and necessary. Since electricity so far outstrips any 
other known vehicle for transmitting intelligence, it 
must eventually carry all the most important of the 
world’s information 

Strategy has been defined as “the science of combin- 
ing and employing the means which the different 
branches of the art of war afford, for the purpose of 
forming projects of operations and of directing great 
military or naval movements; the art of moving troops 
or ships so as to be enabled either to dispense with a 
battle or to deliver one with the greatest advantage 
and with the most decisive results.” 

It is believed that the more the foundations of suc- 
cessful strategy are analyzed, both as to the science of 
conceiving military plans and as an art of executing 
the same, the more it will become clear that the 
strategist who is possessed of the most efficient and re 
liable means of obtaining and communicating infor- 
mation, both of the enemy and his own forces, will 
have a paramount and insuperable advantage. 

Maritime nations are at present beginning to 
realize that it is not ships and coaling stations alone 
which measure maritime strength, but also reliable 
and efficient means of directing, concentrating, supply- 
ing, or withdrawing those ships upon the great chess- 
board of the sea 

As a means of communicating over great distances 
at sea nothing compares, at the present state of prac- 
tical science, with the submarine cable. The nation 
with exclusively controlled submarine communica- 
tions, not possessed by an adversary, has an organ 
ized service of surveillance which is not only import- 
“ant during actual war, but which may and will prove 
a powerful weapon in the diplomatic and preparatory 
conflict which always precedes a declaration of war. 
and these communications are a means of securing a 
first real victory, even before war Jas been formally 
deciared. 
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It may be said, therefore, that the very foundation 
of successful naval strategy is efficient and exclusively 
controlled communications, and the lack of them more 
serious than inferior ships. 


THE IMPERIAL CABLE SYSTEM OF GREAT BRITAIN, 


As soon as the possibility of communicating at long 
distance, by means of submarine cables, was practic- 
ally demonstrated, England saw what commercial and 
political preponderance the creation of a great net- 
work of cables, resting under her control, would give 
her. Without letting herself be discouraged by heavy 
losses in the beginning, with a perseverance worthy 
of admiration, she has succeeded in creating and de- 
veloping, methodically and without delay, a network 
of submarine telegraphic cables, whith to-day encircles 
a large part of the entire world. 

The English cables, up to the present, have been laid 
principally by private companies, but Article 7 of 
the conditions which govern them provides that all 
official dispatches shall have precedence over others; 
Article 3, that the companies can have no foreigners 
among their employes, nor can the wires pass into a 
foreign office, nor under the control of a foreign gov- 
ernment; and Article 9, chat in case of war the govern- 
ment can occupy the different stations and place its 
own employes therein. 

During the past two years, however, there has been 
a great national protest in England and the colonies 
against the exorbitant rates imposed by the monopoly 
of the private cable corporations, until the principle 
of absolute state ownership has come to be a control- 
ling one in England's future cabie policy. 

England's sea-power is not alone measured by the 
number, character and tonnage of her warships. It 
is immensely increased by the system of exclusively 
controlled submarine cable network which at present 
forms four-fifths of all the cables in the world, woven 
like a spider's web to include all her principal colonies, 
fortified ports, and coaling stations. 

Submarine cable communication is scarcely fifty 
years old, yet the British Empire is already bound to- 
gether in one vast intelligence transmission system, 
with London as its center. Nothing important can 
happen in any quarter of the globe which does not 
find its way to this great world’s news excuange— 
London. And this system is and has been a principal 
element of her strength and has largely made possible 
a government including subjects naturally widely dif- 
fering in character, habits and modes of thought. 

This great cable system is the more important 
since no other country has such a system, and this 
fact has placed in the hands of the British Empire a 
powerful means of real domination over the rest of 
the world. Nor is England satisfied with her present 
extensive telegraph system of world control; she has 


in projection for the very near future an extension 
of this system, which will be nothing less than a 
British imperial telegraph system encircling the entire 
globe. 


It was early discovered by every country in Europe 
that so efficient and valuable a servant to trade and 
commerce, so important an aid to the state itself as 
the telegraph, should become a national institution. 
Great Britain, France, Austria, Prussia, Russia, Sar- 
dinia, Italy, Spain, Portugal, and Belgium, each estab- 
lished a state telegraph system. Thirty years ago 
the English telegraph lines were transferred to the 
state, and experience has shown that this has been done 
with advantage to the state itself and to the benefit of 
the public. At the present moment the British Em- 
pire is advancing rapidly to the accompiishment of a 
state controlled cable system. Imperial penny-post- 
age having been recently realized throughout the Brit- 
ish Empire, the next great step in imperial develop- 
ment along this line is to connect the state-owned land 
telegraph systems of the empire by a state-owned and 
controlled system of submarine cables. 

An essential and necessary condition which has 
guided in the conception and realization of this cable 
touch 


system has been that none of the lines shali 
foreign soil. So important has been this principle 
in the proposed British-Pacific cable that we find 


Great Britain, for some years past, anxiously nego- 
tiating for sovereignty over an insignificant island in 
the Hawaiian group upon which to land her proposed 
cable to Australasia; and, failing in this, we find her 
boldly ready to lay a single span of cable of over 
3,500 nautical miles in length from Vancouver to Fan- 
ning Island, for the sole imperial reason that the 
cable shall touch only soil exclusively owned and con- 
trolled by Great Britain. This principle will be 
bought in this case at the price of permanently plac- 
ing at a disadvantage British cable traffic in the Pa- 
cific; since, as will be pointed out later, the United 
States, by the annexation of the Hawaiian Islands. 
can reach the East across the mid-Pacific by cables 
having no single span longer than the present Atlantic 
sables, and yet adhere to the same principle of landing 
only on teritory belonging to the United States. 
BRITISH PACIFIC CABLE. 

England at present has direct telegraphic connec- 
tion with Vancouver with wires independent of any 
foreign power. Practically all of the Atlantic cables 
landing at Newfoundland or Nova Scotia from the 
coast of Ireland are under British control, and, in 
connection with the Canadian Pacific telegraphic lines, 
therefore furnish England with direct communication 
to the west coast of North America. 

The proposed British-Pacific cable has been promi- 
nently before the British government as an imperial 
measure for a number of years. It has been the sub- 
ject of colonial conferences and of exhaustive re- 
search by a Pacific Cable Commission. Its construc- 
tion is now assured beyond a reasonable doubt. The 
route from Vancouver is to Fanning Island, thence 
to Fiji Island, thence to Norfolk Island, and from 
thence by two branches to New Zealand. and the 
eastern coast of Australia. The land lines of Australia 
would then complete telegraph connection with the 
western coast. 

In the Indian Ocean it is proposed to connect West 
Australia to Cocos Island, and thence to Mauvitius, and 
from thence to Natal and Cape Town. Cocos . sland is 
further to be connected with Singapore by a branch 
sable. Singapore is already in connection with Hong 
Kong by an all-British cable. Another branch is also 
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proposed from Cocos Island to Veylon. At Mauritius 
a connection would be formed with the existing cable 
at Seychelles, Aden, and Bombay. In the Atlantic 
Ocean, in order to avoid the shallow seas along the 
west coast of Africa, Spain, Portugal, and France, a 
cable from Cape Town, touching at St. Helena, As- 
cension, and mid-ocean stations, and extending to 
Bathurst, which is already connected by existing 
cables to Gibraltar, has been laid within the last few 
months. Its construction was hastened atter the out- 
break of the Boer war to furnish an alternate British 
route to South Africa by the West Coast. It is further 
proposed to extend the cable from Ascension to the 
British island of Bermuda, perhaps touching at Bar- 
bados, as a mid-ocean station. At Bermuda a con- 
nection would be formed with the cable already exist- 
ing at Halifax, and that point with the Canadian and 
trans-Atlantic lines. The extension of the above 
cables in the Pacific, the Indian, and the Atlantic 
Oceans would involve the expenditure of something 
like £6,000,000 sterling and the laying of about 23,000 
knots of new cable. With the equipment and experi- 
ence which Great Britain has had in cable-laying, 
these new cables can be manufactured and laid by 
England in an incredibly short time, and there can 
be little doubt but that this extension of British 
cables, if not along the exact line above specified, yet 
with slight variations will be an accomplishment of 
the near future. 

With this extension of imperial cable added to her 
already extensive state-owned land-line system, Eng- 
land will have the most complete telegraphic system 
in existence, placing the following fortified and garri- 
soned coaling stations in direct connection each with 
any other, viz.: Hong Kong, Singapore, Tringomalee, 
Colombo, Aden, Cape Town, Simons Bay, St. Helena, 
Ascension, Saint Lucia, Jamaica, Bermuda, Halifax, 
Esquimalt, King George’s Sound, and Thursday Island. 
The following “defended ports” would likewise be 
connected, viz.: Durban, Karachi, Bombay, Madras, 
Calcutta, Rangoon, Adelaide, Melbourne, Hobart, 
Sydney, Newcastle, Brisbane, Townsville, Auckland, 
Wellington, Lyttleton, and Dunedin. 

With the completion of the cable across the Pacific 
the last telegraphic gap will be completed around the 
earth. Great Britain will then have the great advant- 
age of duplicate routes, since from any point there will 
be two routes—one east and one west—to any other 
station. 

PROPOSED COLONIAL TELEGRAPH SYSTEM FOR THE UNITED 
STATES. 

Since the events of the Spanish-American war the 
supreme importance of exclusively controlled com- 
munications, as a means of military and naval war- 
fare, has been recognized as never before. All the 
principa! nations are studying this subject in its vari- 
ous aspects, and already a distinct cable policy is 
entering into the politics of the principal countries 
possessing colonies and seeking for commercial, mili- 
tary, and naval supremacy. 

In this connection it may 
briefly what has been the telegraph policy of the 
United States in dealing with the territory of our 
new possessions. In Cuba and Porto Rico, and in the 
Philippine Archipelago, every effort has been made by 
the signal corps of the army to cover the islands with 
a network of wires, so complete and reliable that in- 
tercommunication is insured at all times. In the 
pacification of Cuba and Porto Rico, in the suppression 
of the Philippine uprising. it is believed that there 
has been no more potent agent than the military tele 
graph. 

For years Spain had been trying to pacify the 
Island of Cuba, and yet her telegraph system was in- 
complete, obsolete, and unreliable in the extreme. It 
was possible for bands of insurgents to move about 
much at their pleasure, appearing here and there. 
with no means of locating or concentrating for their 
destruction. It was not that the number of troops 
was not sufficient, so much as that there were no 
efficient means of directing the troops in such a way 
as to make results decisive. 


be of interest to note 


TELEGRAPH SYSTEM IN CUBA AND PORTO RICO. 


Since the evacuation of Cuba by Spanish troops the 
land telegraph system has been entirely reconstructed 
by the United States Signal Corps, and now aggre- 
gates about 2,500 miles, including a central trunk 
line the entire length of the island, which is dupli- 
cated from Havana to Sancti Spiritus. [n addition to 
this trunk line there are thirteen lines across the isl- 
and, which divide it up into comparatively small sec- 
tions. Every mile of these lines has been reconstruct- 
ed under great difficulties, yet their reliability is evi- 
denced by the fact that the entire Porto Rican govern- 
ment business, which is now transmitted over the new 
lines from Havana to Santiago, was conducted dur- 
ing the month of June, 1900, without a single inter- 
ruption. 

In the Island of Porto Rico every important com- 
mercial or military point is in telegraph connection 
by a system of lines, which have also been entirely 
reconstructed and the routes improved since the dis- 
astrous hurricane of August, 1899. 

PHILIPPINE MILITARY TELEGRAPH SYSTEM. 

It has been assumed as a principle from the outset 
that the quickest means of pacifying and civilizing 
the Philippine Archipelago is to cover it with a net- 
work of telegraph wires. Commanding officers can 
crush an incipient uprising suddenly and before it has 
time to assume dangerous proportions by concen- 
trating by telegraph the garrisons from all directions 
upon the one point involved. Already there are about 
2.500 miles of land telegraph lines in operation in the 
Philippines, and about two hundred and sixty miles 
of inter-island and lake cables have been laid, every 
mile constructed by the United States Signal Corps 
since the battle of Manila Bay. At the last report the 
telegraphic messages in the Island of Luzon alone ex- 
ceeded 6,500 per day, averaging over forty words 


each, or approximately 260,000 words daily. 

It may be added that the telegraph is practically the 
only mail service that exists. 

In Luzon two trunk lines have been established— 
one along the west 
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have been connected by cable, and a complete new 
route from Manila to Iloilo is in operation, furnishing 
a duplicate route to the present English cable direct 
from Manila to Iloilo. In the Department of Mindanao 
and Jolo, the plan involves direct communication by 
cable, between the principal islands, and by land lines 
and cable to the telegraph system in the Department 
of the Visayas, and from thence by duplicate routes 
to Manila. 
THE ALASKAN TELEGRAPH SYSTEM. 


The growing commercial importance of Alaska, and _ 


the prospective future of that country, have made the 
construction of a telegraph system for this territory 
an imperative necessity. Congress at its last session 
authorized an expenditure of $450,000 for the con- 
struction of such a line. 

Owing to the shortness of the working season in 
this latitude, and the very unusual conditions under 
which the line must be constructed, as well as the 
lack of any adequate transportation, it was not hoped 
to complete the work this season. 

The military cables connecting the gold district of 
Cape Nome with the headquarters at St. Michael, and 
also connecting St. Michael with Unalaklik, which is 
to be the terminus of the land line up the Yukon, 
have been completed and have placed the department 
commander at St. Michael in direct communication 
with Cape Nome. 

These submarine cables, involving in the aggregate 
nearly two hundred miles, were constructed by an 
American manufacturer, and were laid, equipped and 
operated by American engineers. 

The military forts to be connected, with the ap- 
proximate distances, are shown in the following table: 


Valdez. Fort Circle Fort Ram- Fort St. 
"Egbert. City. Yukon. part. Gibbon. Michael, 
Fort Egbert...... 350 


Circle City....... 

Fort Yukon...... 610 260 90 

Rampart. ........ 870 520 350 260 

Fort Gibbon.... . 90 590 40 330 70 

St. Michael..... 1.499 1,140 970 0 550 


Cape Nome... ....1,610 1,260 1900 1000 740 670 120 


- By a recent temporary arrangement with the Can- 
adian authorities this telegraph system will be en- 
abled to reach the United States over the line now 
being constructed by the Canadian government be- 
tween Atlin and Quesnelle—a distance of about nine 
hundred miles. 
A PACIFIC CABLE. 


In order to bind together the local land telegraph 
systems which have been outlined above, these sys- 
tems should be directly connected at an early date 
with the United States. First in this colonial system 
comes the proposed trans-Pacific cable, connecting 
California with the Hawaiian Islands, thence to Mid- 
way Island, thence to the Island of Guam, and from 
there to the Island of Luzon. 

A cable system from Vancouver via the Aleutian 
Islands to Japan and the Philippines has long been 
proposed, and has many points, commercial and tech- 
nical, in its favor as a trans-Pacific route. The true 
solution is thought to be the early construction of both 
of these trans-Pacific cable lines, thereby furnishing, 
first, a direct connection to the Alaskan system, and 
by a later extension to the Philippines a duplicate 
route for the protection of the more southern line via 
Hawaii. A short cable from Sitka to Valdez would 
be one means of perfecting a junction with the Alaska 
land system. 

The recent acquisition by the United States of the 
Island of Tutuila, and the construction in Pago Pago 
Harbor of a coaling station, makes it desirable to 
join this advanced American station in the southwest- 
ern Pacific to the Hawaiian Islands by submarine 
cable. 

This can probably be most readily accomplished by 
connecting it directly to Fiji, a station on the British- 
Pacific cable route. 

To further complete this proposed colonial tele- 
graph system, it will be necessary to connect the 
Island of Porto’ Rico by submarine cable to the United 
States, and, although of greater length, a line direct 
from New York to Porto Rico is suggested as offering 
many advantages. The shortest line is not always 
the most advantageous. For instance, Haiti is con- 
nected direct to New York city, instead of to the 
coast of Florida, which would be much nearer, and 
Bermuda is connected direct with Halifax, for the 
sole object of exclusive British control under all cir- 
cumstances. 


ESTIMATED COST OF PROPOSED COLONIAL TELEGRAPH 
SYSTEM. 
CABLES IN THE PACIFIC, 
Trans-Pacific cable, San Francisco via 
Hawaiian Islands, Midway Island, and 


Island of Guam to Luzon.............. $12,000,000 
Inter-island communication for the Ha- 

150,000 
To complete the Inter-island telegraph 

system of the Philippines.............. 250,000 


For Alaska telegraph system, as already 
authorized by Congress................ 
To extend the Alaska telegraph system and 
to connect it to the United States by di- 
rect cables, and also for further exten- 
sion eto the Philippines via the Aleutian 
Islands, providing a duplicate’ trans- 
Pacific route to the Philippines........ 10,900,000 
For cable connections with Tutuila Island 
coaling station at Pago Pago Harbor.... 


450,000 


650,000 
CABLES IN THE ATLANTIC. 


Direct cable from the coast of the United 
States to the Island of Porto Rico...... 1,500,000 


Estimated cost of proposed Isthmian 
Relative cost of two enterprises............... 1 to 8 


This estimate, which is necessarily a very general 
one, due to the great fluctuations in the price of 
terials, the inexperience of American manufactu 
etc., shows that with an expenditure of $25,000,00 
perhaps $30,000,000 at most, the United States can hoy: 
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a telegraph system connecting all her possessions, 
and placing each part of such possessions in direct 
connection with the United States by the best and 
most efficient means of communication known. 

For the expense of three or four first-class battle- 
ships, the United States can provide herself with the 
most powerful means known for extending and pre- 
serving her commercial influence and for the speedy 
pacification and civilization of the people who have 
recently come under her control, and can secure a 
strategic advantage—military, naval and _ political— 
which is necessary to her position as a world power. 

Submarine cables are now established for colonial, 
political, and diplomatic reasons, as really as for 
their purely commercial purposes. Nor is actual state 
of war of the country itself the only fear; witness the 
present plight of France due to the Transvaal war; 
owing to the fact that the cables to South Africa are 
under the control of England, and the establishment 
by her of a war censorship, France is absolutely de- 
pendent upcn England not only for news from the 
Transvaal, but also for communications with her own 
colony of Madagascar, and her South African pos- 
sessions. The importance of this subject has led her 
Colonial Commission to recommend recently the im- 
mediate construction of submarine cables, joining 
France with Senegal, Madagascar, and Tonkin, the 
latter connecting with the Danish company’s cables. 
Indeed, the plan ultimately involves an estimated ex- 
p@nditure of $25,000,000 and includes a complete co- 
lonial cable system. 


THE MILITARY CONTROL OF SUBMARINE CABLES IN TIME 
OF WAR. 


The International Convention for the Protection of 
Submarine Cables, which met at Paris in 1884, made 
no provision defining the rights and immunities of 
cable property in time of war. 

In addition to incorporating an article in the con- 
vention stipulating that this convention shall in no 
wise affect the liberty of belligerents, Lord Lyons, 
the British delegate, submitted the following declara- 
tion at the moment of signing the convention: “Her 
Majesty’s government understands Article XV in this 
sense, that in time of war, a belligerent, a signatory 
of the convention, shall be free to act in regard to 
submarine cables, as if the convention did not exist.” 

M. Leopold Orben, in the name of the Belgian gov- 
ernment, also submitted the following declaration: 

“The Belgian government, through its delegates to 
the conference, has maintained that the convention has 
no effect upon the rights of belligerent powers. Those 
rights would be neither more nor less extensive after 
the signature than they are now. The mention in- 
serted in Article XV, although absolutely useless in 
the opinion of the Belgian government, would not, 
however, justify a refusal on its part to unite in a 
work the expediency of which is indisputable.” 

Before the Spanish-American war there were few 
examples of damages done to submarine cables by 
belligerents. 

As has been pointed out, Article XV of the Conven- 
tion of Paris, of 1884, for the Protection of Submarine 
Cables, subscribed to by twenty-six nations, speci- 
fically states that “The stipulations of this conven- 
tion shall in no wise affect the liberty of belligerents.” 
In consequence, the question as to what, if any, special 
protection was to be accorded submarine cables in 
time of war, remained theoretical until the Spanish- 
American war of 1898, when a practical rule of action 
was outlined by General A. W. Greely, Chief Signal 
Officer of the United States Army. 

Upon the declaration of war, General Greely, upon 
whom by law devolved the operation of military tele- 
graph lines and cables, was called into the national 
council for his opinion as to the line of action best 
ealculated to subserve the legitimate rights of com- 
merce and industry, while conserving the military in- 
terests of the United States. He took the view that, 
inasmuch as postal communications were forbidden 
between belligerents, prohibitive orders should be 
issued against such telegraphic correspondence as 
might benefit the public enemy, pointing out that tele- 
grams, by their secrecy and rapidity, produce military 
results much more important and injurious than are 
possible by the use of the mail. 

General Greely advise. that cable operations should 
continue over the international cables between Ha- 
vana and Florida, of course under strict military cen- 
sorship, and his firmr stand prevented any interrup- 
tions of this cable system. By his orders Captain R. 
E. Thompson, Signal Corps, United States Army, took 
tiilitary possession of the Key West telegraph office 
on April 23, 1898, and cut the cables so that Jackson- 
ville could no longer work with Havana. Domestic 
and business messages in open text were allowed to 
be sent and received from Havana, but only under 
strict military censorship. Similar action was taken 
at Havana by the Governor-General of Cuba, who es- 
tablished a rigid Spanish military censorship, so that 
all messages were subjected to double scrutiny. 

By his instructions General Greely recognized the 
existence of five classes of cables: 

First, those of which the termini are in the enemy's 
country; for instance, the Cuba Submarine Cable sys- 
tem along the south coast of Cuba. 

Second, cables which directly connect countries at 
war, so that each belligerent controls one end of cable; 
for instance, that of the International Oceanic Tele- 
graph Company, between Florida and Havana. 

Third, where one end of the cable is in the enemy's 
country and the other in neutral territory; for in- 
stance, the West India and Panama cables extending 
through Cuba to Porto Rico, and thence to Saint 
Thomas. 

Fourth, where a cable extends from the coast of an 
offensive belligerent to a neutral country contiguous 
to the territory of the defensive belligerent; for in- 
stance, the Haiti cable from New York city to Haiti, 
where there is direct cable connection with the island 
of Cuba. 

Fifth, cables having one terminus in the territory 
of the offensive belligerent and the other in neutral 
regions remote from the scene of hostility; for in- 
the Atlantic cables connecting the United States 

Europe. 
cables of the first class, whether the property 
: defending enemy or a neutral corporation, was 
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applied the simple and well-known rule that they are 
subject to the vicissitudes of war, and that, being in 
use for war purposes, they are proper objects of offens- 
ive military operations. The orders issued to the 
officers of the Signal Corps looked upon these cables, 
whether they were laid in the high sea or along the 
immediate coast, as liable to seizure and total destruc- 
tion. 

Cables of the second clacs were easily dealt with. 
The cables between Key West and Havana were taken 
possession of, militarily, by Spain in Cuba and by the 
American army in Key West. Messages going and 
coming were subjected to the most rigid military cen- 
sorship at both ends of the cable. Only messages in 
plain text bearing upon business and social subjects 
were permitted, and where any suspicion existed as 
to the loyalty of the sender, were either refused or not 
sent. Exceptional cipher messages were permitted 
as a matter of courtesy and favor to selected diplomatic 
representatives of neutral nations. 

The cables of the third class were viewed as contra- 
band of war; but it was also recognized that their 
liability to destruction depended in a measure on the 
locality of the cable. General Greely recognized as 
unsettled and of doubtful expediency the right of 
any belligerent to raise from the bottom and destroy 
on the high sea a neutral cable, merely on the ground 
that such cable landed in a hostile country. He, how- 
ever, applied a more rigid rule to such portions of 
cables, cable huts, instruments, etc., as were located 
within the territorial jurisdiction of the enemy. This 
rule was based on the principle that such cable prop- 
erty, whether belonging to an enemy or to neutral cor- 
porations, is not only subject to the vicissitudes of war, 
but, being contraband of war, is a legitimate object of 
military operations. In accordance with this view, his 
orders to Colonel James Allen, Signal Corps, charged 
him to use his utmost efforts to cut off the south coast 
of Cuba any cable that could be grappled and picked 
up, either within a marine league of the coast, or with- 
in range of Spanish batteries. 

In Cuba and Porto Rico, during the Spanish-Amer- 
ican war, certain neutral cable stations of this class 
fell within the power of the army of the United States. 
In such cases the officials of the neutral cable compa- 
nies were given a choice of action. They could aban- 
don their property to the vicissitudes of war, or, ac 
cepting the force majeure, were allowed to transact 
business under strict military censorship. Even during 
the siege of Santiago, the orders permitted the French 
Telegraphic Cable Company to accept business for San- 
tiago de Cuba within the Spanish lines, every such 
message, however, to be viséd by the military censor. 

The fourth class of cables were seized by the mili 
tary forces of the United States and operated under 
strict military censorship. Code and cipher messages 
were absolutely refused, save for the authorized gov 
ernment agents and certain excepted diplomatic repre 
sentatives, the latter as a matter of courtesy. 

Cables of the fifth class were placed under a military 
censorship. Of these there were six systems compris 
ing separate cables. Most of these telegraph cables 
were only constructively seized, General Greely taking 
the responsibility of intrusting the direct censorship of 
messages, under the general supervision of an officer 
of the Signal Corps, to the respective superintendents, 
men of high character, whose good faith was guaran 
teed by the companies whose interests they likewise 
guarded. The interests of the United States were thus 
subserved while the privacy of the affairs of the com 
panies was conserved. The responsible officials gave 
a written pledge to observe such rules as might be 
filed by the Chief Signal Officer with the companies 
These rules prohibited all messages to and from Spain, 
and also certain other classes which were deemed preju 
dicial to the military interests of the United States 
In cases of doubt, messages of the latter character 
were examined and viséd by the military censor 

The events of the Spanish-American war brought 
to attention the whole subject of the legal rights of 
cable property and the control of the same under vary 
ing and*complex conditions in time of war. In the ab 
sence of definite international law upon the niany 
points involved, the United States was forced to take 
the initiative and use this powerful military weapon 
for the benefit of the cause of the United States, while 
at the same time respecting and subserving the rights 
of neutrals with an equity and fairness which has 
always characterized the actions of this government 
when possible. 

In the West Indian cables, as well as in th” cable 
connecting the Philippines with Asia, the «.ole ques 
tion was always a paramount one, and the United 
States finds herself now confronted with legal ques 
tions growing out of actions necessary in time of war 
Since submarine cables have become such a dominant 
influence in time of war, and since the cases which 
may naturally arise are often complex and involved, 
it is clear that a further international cable confer 
ence is a necessity of the near future, by which a more 
definite international understanding of methods of 
“procedure in time of war may be attained. This inter 
national conference could properly consider other inter 
national cable matters, which the great advance in sub 
marine telegraphy has made important. Among these 
may be mentioned the construction and authorization 
of a uniform international cable code, for the econom 
ical and efficient communication between different parts 
of the world in any of the principal languages now 
authorized by the international telegraph rules. 

THE CABLE EQUIPMENT OF A FLEET. 

It seems clear from the history of the Spanish- 
Americar war that provisions must be made for lay- 
ing, picking up, cutting and operating submarine 
cables in time of-war. From the outbreak of this war 
every attention was given to the problem of isolating 
the island of Cuba from Spain. 

The special fitting out of the “Adria” with cable ap- 
pliances, as well as spare cable, the work of the “St. 
Louis” in cutting cables, the operations of the ‘“Marble- 
head,” “Nashville” and “Windom” at Cienfuegos, and 
of the “Mangrove,” are too well known to be repeated 
here. It will be more valuable to endeavor to draw 
the correct conclusion from these operations, and 
thereby make proper provision for the execution of 
similar operations in time of war. 

It appears that the searching for deep-sea cables in 


\ 
| 
| 
ar the 
com- 
1 war- 
ll the 3 
vari- 
icy is 
ntries 
mili- 
note 
f the i 
f our 
n the 
de by 
with 
at in- ; 
1 the 
is in- 
the 
cted 
unk 
upli- 
n to : 
isl- 
sec- 
uct- 
evi- 
erh- 
new 
lur- 
ter- : 
om- 
ion 
ely 
lis- 
set 
ing 
an 
las 
ns 
ut 
i 
les 
ry 
ps 
ds 
1e 
io 
te 
XU 


21158 


the high seas in time of war, without an accurate chart 
of the location of the cable, is a difficult and very 
doubtful operation; also that submarine cables must 
in general be interrupted near their landing places, 
where their exact location can be determined with 
certainty. From the experience of the Spanish-Amer- 
ican war, operations of this kind are extremely dan- 
gerous, as the cable landing will be protected and de- 
fended by the enemy 

Supply of spare cable and suitable instruments for 
working the same must be available with every naval 
fleet—in order to supply the necessary communications 
with the shore, in case of the landing of either a co- 
operating army or of temporary forces from the ships. 
Cable-ships engaged in either laying, cutting or repair- 
ing cable near the shore, must either be provided with 
their own means of defense or else convoyed by war- 
ships 

These facts make it clear that a new type of naval 
ship is to make its appearance as a necessary adjunct 
to every naval fleet. Just as the naval repair-ship, 
such as the “Vulean,” has been found useful and neces- 
sary, so will the new cable cruiser be an essential part 
of the navy of the near future. It is not intended 
here to enter into the question of the proper design 
of such ships, but it would seem that a specially de- 
signed cable-ship, with comparatively large coal capac- 
ity and high speed, and an armament of the lighter 
cruiser class, making her capable of defending herself 
and protecting her small-boat parties, would be best 
adapted for the purpose. She must carry a moderate 
supply of spare cable and machinery for laying and 
picking up cable, as well as instruments for testing 
and operating a cable, and the necessary buoys, suit- 
able, if necessary, for buoying the cable, and operating 
the ship as a floating cable station. It is unnecessary 
to state, also, that her personnel must be specially 
trained in the highly technical duties required, and 
from actual practice in all the operations necessary 
be made ready for the performance of their duties 
efficiently under the conditions of war. 

Although these naval cable cruisers in time of peace 
could be profitably employed in maintaining and re- 
pairing both cables belonging exclusively to the gov- 
ernment and those subsidized by the government, under 
suitable arrangements; yet, at the outbreak of war 
they should be absolutely and exclusively under the 
control of the government. It may be said at present 
that no modern fleet is complete without a cable-ship, 
especially adapted for cable operations in time of war. 

Since submarine cables are so important a factor in 
national defense, they should be protected both at 
their shore landings and on the high seas by military 
and naval force. 

In this connection it would seem advisable in case 
of zovernment cables, or of cables subsidized by the 
government, to keep the exact route of important cables 
a secret, and prevent the publication of maps for gen- 
eral distribution, showing their exact location in the 
deep sea The location of the shore ends, however, is 
certain to be known 

A cable landing for the future should partake of the 
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character of a fort, and be provided with adequate 
means for preventing an enemy from locating and 
destroying the cable within the marine league, or until 
it has reached deep sea, where its accurate location is 
not known. 

The sea is usually considered as the great interna- 
tional highway, belonging equally to all nations. This, 
however, is no longer true. The real political bound- 
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upon American soil deep-sea cables of the first class; be 
able to lay, maintain and repair them in time of peace 
or war by ships flying the American flag, and be pre- 
pared to adequately protect them upon the high seas 
and at their landing places by military and naval force. 

The cable question is one of the most important of 
the present hour, unique in that American commerce, 
diplomacy and sea-power—in fact the most efficient 


Fie. 1.—MOUNTING OF THE FRAME OF MESSRS. 
SCHNEIDER & COMPANY’S PAVILION. 


aries of states are no longer defined and restricted by 
the land, but involve such portions of the high seas as 
a nation can, by her commercial and naval vessels, 
and her submarine cables, reach out and secure. In 
this great sea division, which is so surely taking place, 
probably there are no better guides to boundaries than 
the submarine cable net-works which lie in its great 
depths. Since each in general uses the shortest path 
between two points, the general commercial sailing 
lines are also the general direction of cable lines. 

The United States will be wise if, in the great Pacific 
where she has such paramount natural advantages, 
both for commerce and for maritime strength, she pur 
sues a broad, vigorous, and even lavish “cable policy.” 
We should be able at the earliest date to manufacture 


Fie. 2.—SECTION OF THE CUPOLA OF MESSRS. SCHNEIDER & COMPANY'S “ 
PAVILION AT THE EXPOSITION OF 1900. , 


means of advancing and securing the benefits of civil- 
ization itself—happily conspire in demanding its early 
solution.—The National Geographic Magazine. 


THE CREUSOT PAVILION AT THE EXPOSITION 
OF 1900. 


At the Exposition of 1900, the rule that seems te 
have been followed by all builders without exception, 
and which, moreover, is that which guides the elabora- 
tion of all projects for edifices in our time, was to 
endeavor to show the purpose of the structure through 
its external form. Thus, the Grand Palace, designed 
for the Fine Arts, was of an academic correctness 
that the greatest architects of antiquity could not 
have denied. The Palace of Electricity was a vast 
decorative piece designed to set off an illumination 
without precedent. Each of the various foreign pal- 
aces recalled by its architecture the country that it 
represented; and we might mention numerous other 
examples of this method of procedure. 

The pavilion of Messrs. Schneider & Co. did not es- 
cape th‘s rule. M. Bonnier, the skillful architect who 
designed the lines of it, endeavored to give the struct- 
ure the aspect of a vast armorclad cupola defended 
toward the Seine by turrets armed with heavy artil- 
lery. As well known this immense shell, which de 
taches itself from the neighboring edifices through its 
odd form and the red color with which it is painted, 
is situated upon the left bank of the Seine between 
the Palaces.of War and Navigation, at the extremity 
of the Avenue de la Bourdonnais, on nearly the same 
spot that was occupied in 1889 by the panorama of the 
Compagnie des Transatlantiques. Such a situation, 
well in view, is admirable, and lends itself very hap- 
pily to the important effect that was sought. The 
construction of this great dome, which covers an area 
of no less than 21,500 square feet, offered certain diffi- 
culties by reason of its great dimensions, of the ground 
upon which it was to rest, and of the rapidity with 
which the work had to be pushed forward. 

The space covered by the metallic structure is em- 
braced in a circle 134.5 feet in diameter. Three bays 
in the cupola offer plane surfaces in which are formed 
entrance doors and other apertures. The height of 
the apex of the trusses is 105.75 feet, and that of the 
campanile that surmounts the structure 129 feet. The 
total weight of the metallic part is 400 tons, to which 
must be added that of the rafters that serve to support 
the plaster that forms the external crust. 

The difficulties due to the site upon which the cupola 
was to be placed were very great. In fact, the build- 
ers found themselves confronted by the cutting of the 
Moulineaux Railway, which is formed of two parallel 
stone walls covered with a roof of strengthened cem- 
ent. It may be easily seen that a system of this kind 
could not serve as a base for so heavy a structure, espe- 
cially when it is considered that the objects that had 
to be placed thereon were large pieces of artillery rep- 
resenting a great weight. On another hand, the pres- 
ence of the wharf situated at the side of this cutting 
made a change of level of 18.4 feet, and it was out 
of the question to think of raising the ground to the 
height of the roof so as to form a uniform surface. 

A beginning was therefore made by constructing 
two new walls against the old ones that formed the 
sides of the cutting, and between them were placed 
large trusses of 56-foot span, designed to form the 
roof properly so called. - As for the earth end of the 
wharf, no attention was paid to that, and it was left 
at its original level. All that was done was to con- 
solidate the earth with rubble work and establish a 
sufficient mass of masonry at the springing of the 
cupola trusses, so as to form a horizontal crown capable 
of supporting the entire system. 

Before speaking of the method of mounting the 
metallic part, let us say a few words as to the manner 
in which the latter is constructed. The cupola is 
formed by the juxtaposition of twelve trusses, or r: ther 
of twenty-four half-trusses, that all converge toward 
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a common point, and that are spaced at the base by 
sectors of 18 feet. These trusses are of two kinds: 
Eighteen have an ogival form and are complete, while 
the six others rest at their springing upon vertical 
ares that form the three bays cf which we have already 
spoken. In order not to bring into the calculations 
the elastic deformations that give the value of the 
thrusts the system of trusses selected was that of the 
three balls, which permits of making the resultants 
of all these thrusts pass through the joints of the 
springings and the key. This was very important in 
the case that occupies us, since not much confidence 
could be had in the solidity of the base of support, in- 
asmuch as the latter being placed partly upon a metal- 
lic roof and partly upon a mass of masonry, was 
capable of undergoing deformations. The joints of 
the springings are ordinary rollers, but that of the 
key is a steel ball 16 inches in diameter. In this way 
the parts of the system are made interdependent and 
torm a homogeneous whole from the viewpoint of the 
distribution of the thrusts. This is the first time that 
the solution of the problem has been applied in this 
way to a metallic structure having the form of a 
cupola. 

Finally, let us say that the trusses measure 3.28 
feet in height at the haunches, 30 inches in width at 
the springings, anc 24 inches at the apex. 

The manner of mounting the metallic work was very 
interesting. The scaffolding consisted of three dis- 
tinct parts (Fig. 1): 

|. A large vertical framework situated in the axis 
o the cupola and designed to serve as a support for 
the entire work. It was at the summit of this frame 
tvat was placed the ball that forms the joint of the 
key. 

2. Two rolling scaffoldings having externally the 
f.rm of the intrados of the trusses and provided with 
fferent working floors. These scaffoldings served for 

e simultaneous construction of two half-trusses form- 
i.¢ a complete truss. After all the metallic pieces 

re in place, the truss was left to itself, and the con- 

uction of another was begun. The scaffolding re- 
lived upon circular rails so as to reach the position 
t» be occupied by the next truss. 

}. Two rolling bridges provided with cars designed 
gather the pieces of iron from the ground and put 
em in the exact place that they were to occupy. 
hese bridges rested on the one hand upon the frame 
ced in the center, and on the other upon trestles 
pable of sliding upon a system of circular rails. 

rhis very ingenious apparatus permitted of com- 

eting the construction of the rough work of the 

ipola in thirty-five days. This may be regarded as a 

eat feat considering the weight of the work and the 
elicacy of the regulation of the different elements. 

After it was finished, the structure produced a pro- 
ound sensation; and, on the evening of the inaugura- 

on, the aspect of the interior of the cupola, the size 
f which cannot be well judged of when viewed only 

om the exterior, proved a revelation. The objects 
‘xhibited responded to the promises of the programme. 
From an industrial point of view, they were of the 
hichest interest. They consisted of the Schneider- 
Canet artillery material constructed at the Havre and 
Creusot works, such as a 9.5-inch gun in a barbettc 
irret, a 9.5-inch gun of 45 calibers, an 8-inch rapid- 
fre gun of 45 calibers, a double 6-inch rapid-fire gun 
of 45 calibers upon a double carriage, 6 and 9.5 inch 
howitzers, 4, 5 and 6 inch rapid fire guns, a 3-inch 
un upon a campaign carriage with hydro-pneumatic 
rake, and numerous models of modern French artil- 
lery. In the lower part, on the side toward the wharf, 
vas installed one of the three engines of the Kleber 
notor apparatus of a total 17,100 h. p.,and one of those 
vonderful high-speed steam locomotives of the Thuile 
ystem which attain a velocity of 72 miles an hour in 
hauling 200-ton trains, and finally, one of the new elec- 
trie locomotives of the Compagnie d’Orleans capable 
of hauling a 300-ton train upon a gradient of 0.15 inch 
to the foot at the speed of 30 miles an hour. For the 
above particulars and the engravings we are indebted 
to La Nature. 


SWORDFISH AND TUNNY. 

“Tus is a most beautiful, lively, strong, noble fish,” 
iys the old sixteenth century naturalist Konrad Gess- 
ner of the swordfish. “He is thus dubbed by reason of 
his form. For his upper jaw groweth to the length of 
| sharp sword. He is called by other nations in their 
‘ongue, warrior and captain or sea emperor, alike from 
his great sword and strength.” 

The swordfish is in truth a powerful animal, vary- 


ng in length from 12 to 20 feet, and weighing 
irom 400 to 800 pounds. The sword alone is 4 


eet in length. Of the ferocity of the fish many a 
weird though doubtful tale has been handed down. 
Of his relation to the tunny so common in the Medi- 
terranean Sea many contradictory stories have been 
old. By some it is held that the swordfish and tunny 
ire bitter enemies, and that the swordfish often im- 
pales several tunnies in his rage. At all events scenes 
like the one pictured have been described time and 
time again by credible eye-witnesses. By many natur- 
alists the swordfish is considered a good-natured, 
harmless, fearsome animal, which may, however, give 
vent to his fury by the destruction of the weaker fish: 
of the sea. The cause of such outbursts is not far to 
seek; the torments of parasites become so insufferable 
that the swordfish cannot bear his agony and gives 
expression to his rage ‘nm destroying those about him. 
The sword in itself is a most dangerous weapon, con- 
stituting, as it does, 2a continuation of the upper jaw 
ind consisting of a hard bony mass, keen-edged and 
finely serrated. In ships’ bottoms broken swords have 
een found, which had pierced planks one inch in 
thickness. 


RECENT DISCOVERY OF GREEK ‘STATUES. 


Tne strange and, indeed, sensational discovery of 
works of ancient art at the bottom of the sea near 
the island of Cerigo (Cythera) will be regarded as 
on event of the highest interest by the antiquarian 
ind artistic world. Statues of exquisite beauty be- 
longing to the best period of Greek sculpture have 
heen rescued from the “dark, unfathomed caves” in 
which they have lain for, perhaps, two thousand years 
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and restored to the admiring gaze of a distant gen- 
eration. Many of them, unfortunately, have been 
much corroded by the salt water; in some cases the 
mischief is irreparable, in others it is comparatively 
slight, the portions of the statues embedded in the 
sand being still in excellent preservation. The dis- 
covery is due to a sponge-diver, who, while pursuing 
his vocation, came upon some bronze objects at a 
considerable depth; the authorities at Athens were 
informed, and the investigations which followed, 
though much hindered by bad weather and insufficient 
appliances, have already yielded most important re- 


sults. It is evident that a vessel containing a cargo 
of the choicest works of art must have foundered 


on the spot; her captain in all probability had directed 
his course along the eastern coast-line of the Pelo- 
ponnesos with the intention of rounding Cape 
Taenarum and proceeding to Italy, when, impotenti 
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phial. The general style is distinctly Praxitelean; 
the head somewhat resembles that of the Hermes ai 
Olympia, but the cast of the features is more manly; 
the dignified and noble expression is softened by a 
slight melancholy. The statue probably dates from 
the fourth century B. C., and may perhaps be at- 
tributed to Lysippos or his school; it would, there- 
fore, be unique as a specimen of the bronze works of 
this epoch, our knowledge of which has hitherto been 
derived from copies only. It will, perhaps, be known 
to posterity as the Hermes of Cythera, or of Anticy- 
thera—the spot where it was found being nearer to 
the smaller island. The ship in which it was conveyed, 
together with the other statues, was conceivably that 
in which the conqueror Sulla deposited many of ihe 
great masterpieces of Greek art; the vessel was lost, 
according to Lucian, somewhere in the neighborhood 
of Cape Malea. 


THE SLAUGHTER OF TUNNIES BY A SWORDFISH. 


prensus Aegeo, he was caught by the fierce bora and 
driven in a southerly direction. The statues were, per- 
haps, intended to grace the triumph of some Roman 
general or proconsul or to adorn the villa of some 
wealthy virtuoso. Some portions of the fittings and 
furniture of the ships have also been found, as well 
as various objects used by the sailors. 

Many of the statues and fragments have now been 
brought to Athens, where they have been deposited 
tor the present in the Ministry of "ublic Instruction. 
Foremost in interest and beauty is the life-size bronze 
figure of a youth, apparently Hermes. The head, 
arms, and upper part of the torso are intact and in 
good preservation; both legs have been found and 
enough of the remainder of the body to render an 
almost complete reconstruction of the statue possible. 
The figure is poised on the left foot, the right being 
thrown backward; the right arm is extended, the 
band apparently grasping a wreath or a sacrificial 


Next to the Hermes in importance is a finely exe- 
cuted statue of a young man bending on his right 
knee and gazing forward with an expression of keen 
and concentrated‘ attention. The head, covered with 
short, curly hair, the right arm and leg, and the 
greater portion of the body are in excellent preserva 
tion and display admirable workmanship. The left 
arm, which is sadly corroded, was evidently raised, 
while the hand. shaded the eyes or, perhaps, was 
held aloft in anticipation of the onset of an antagonist. 
This lithe and vigorous figure probably formed part 
of a group of wrestlers in which the opposing athlete 
was represented as standing upright and preparing to 
close with his adversary. The statue displays many 
of the characteristics of the school of Rhodes; it may 
be attributed to the earlier portion of the second cen- 
tury B. C. 

Among the smaller objects of art now brought to 
light are two bronze statuettes of athletes which, 
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though slightly corroded, arc practically perfect. They 
both represent the muscular type of the school of 
Argos and Silkyon; the larger of the two, which re- 
sembles the idolino of the Uffizi Gallery, may be 
assigned to the latter half of the fifth century; the 
smaller, which recalls in some respects the famous 
doryphoros of Polykleitos, is of later date. A draped 
figure, also in bronze, belongs to the middle of the 
fifth century; the feet and the front portion of the 
head are unfortunately wanting. The head and one 
arm of a bronze statue of a boxer have been recov- 
ered; the truculent and somewhat brutal expression 
of the face is heightened by the bushy ringlets and 
beard, and the flat, somewhat swollen nose. The fore- 
arm and hand are bound with the thongs of the 
cestus. A number of detached hands and feet have 
been found, and it is believed that the torsos to which 
they belong will be discovered in good preservation 
at a greater depth in the sand. Six marble statues 
completely corroded by the sea water and the torso 
of a large marble centaur have been brought to the 
surface. 

The researches have hitherto been carried out by 
divers from Symi, whose work has been rendered dif 
ficult by the great depth of the water. The tackle at 
their disposal has proved insufficient to raise some 
of the larger statues, and better appliances must be 
provided, as well as the means of lighting the bot- 
tom of the sea. M. Stais, the Minister of Public In- 
struction, and M. Kavvadias, the general Ephor of 
Antiquities, are about to proceed to the spot in order 
to superintend the operations. Their anxieties will 
not come to an end with the recovery of the long 
lost works of art. The removal of the incrustation 
from the statues by means of chemicals will require 
the greatest care and caution, and the piecing of the 
fragments of the Hermes will be a still more delicate 
task. The restoration of this superb masterpiece, a 
task of the utmost responsibility, will no doubt be 
intrusted to an artist of world-wide reputation. 


(Continued from SuprLemENnT, No. 1319, page 21141.) 
ELECTRICAL OSCILLATIONS AND ELECTRIC 
WAVES.* 

By Dr. J. A. Fremine, M.A., F.R.S., Professor of Electri 
cal Engineering in University College, London. 


Tue theory of electric waves indicates, as we have 
seen, that we are concerned with two vectors—one the 
magnetic flux and the other the electric displacement— 
and that both these periodically vary. Theory indi- 
eates that the electric force is perpendicular to the 
plane of polarization. This conclusion was verified by 
FitzGerald and Trouton, for electric waves were found 
not to be reflected at the polarizing angle from the sur- 
face of a dielectric when the electric force is parallel 
to the plane of polarization, but reflection occurred 
at all angles when the electric force is perpendicular to 
that plane. In the electric ray, therefore, the electric 
foree is perpendicular to, and the magnetic force paral 
lel to the plane of polarization. 

Some of the most interesting results of the study 
of electric waves are those which have flowed from 
experiments on the refraction of these electric rays. 
By the use of a colossal prism of pitch, having a re- 
fracting angle of 30°, Hertz was able to discern a 
refraction of 22° when long electric waves were inci- 
dent on the prism indicating a refractive index of 
1.69. It is convenient to call the refractive index so 
determined the electrical refractive index, and the 
refractive index for luminous or visible light the opti- 
cal refractive index. 

With the apparatus before you, it is very easy to 
exhibit the power of insulators to refract this radia- 
tion with a prism of quite small dimensions. I have 
here, as you see, a paraffin prism having a refracting 
angle of 60°, the length of each side being about six 
inches (see Fig. 9) If we set the radiator and re- 
ceiver boxes in such positions that the electric ray 
emerging from the radiator just escapes the receiver 
amd so does not directly affect it. we shall find that 
on introducing the paraffin prism in the path the elec- 
tric ray is refracted just as would be a ray of light by 
a glass prism. With a little care, it is easy to measure 
the deviation of the ray produced by the prism, and 
hence to calculate the electric index of refracture of 
the material. I have in this manner measured with 
my apparatus the refractive index of paraffin wax and 
also of dry ice, employing for this purpose a large ice 
prism, cut with the saw out of a block of ice. The 
refracting angle (i) of the paraffin prism was 60°, 
and the minimum deviation (d) of the electric ray 
produced by it was 45° to 50°. In the case of the ice, 
the refracting angle of the prism was 50°, and the 
minimum deviation of the ray was also 50°. Hence 
by the formula 


we have for the paraffin a value of the electric refrac- 
tive under r, 


60° + 50 
Sin 3 _ Sin 55 » Rin 88 1.64 
fa Sin 30. 77° in 55 
Sin 
and for the ice, 
10+ 50 
Sin 50 
r -- = 183 
Sin 


50 ~ Sin 25 


By Maxwell's law the squares of these indices should 
be equal to the dielectric constant. The square of 1.64 
is nearly 1.8, and the square of 1.83 is nearly 3.34. 

The values obtained by electrostatic methods for the 
dielectric constant of paraffin wax give numbers not 
far from 2. The values obtained for ice at or near 0° C. 
by low frequency or electrostatic methods give values 
near 80. If, however, the ice is taken at very low tem- 
* Lecture delivered December 17, 1900, before the Society of Arts and 
published in the Journal of the Society. 


peratures (—190° C.), then for low frequency we find 
values of the dielectric constant near 3.0 and under. 
(See Fleming and Dewar, “Proc. Roy. Soc.,” vol. 61, 
p. 2, 1897, on the “Dielectric Constant of Ice at Low 
Temperatures." ) 

It is interesting to notice that M. C. Gutton (Comptes 
Rendus, 130, page 1119, 1900; or “Science Abstracts,” 
vol. 3, p. 545) has, by another electrical wave method, 
determined the electrical refractive index of dry ice 
at a little below 0° C. He found, as I also have done, 
that ice did not perceptibly absorb electric waves. He 
determined the refractive index to be 1.76, correspond- 
ing to a dielectric constant 3.1. The wave length used 
was 14 millimeters. He also measured the refractive 
index for waves of 25 centimeters in length, and up 
to 2,000 centimeters. He discovered that the electric 
refractive index progressively decreases from 1.76, cor- 
responding to the 14 millimeter waves, down to 1.50 
for waves 2,088 centimeters in length. This last gives 
a dielectric constant of 2.25, which is not far from the 
value, 2.0, found by M. Blondlot for still greater wave 
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lengths. Hence the rather rough experiment made by 
me with an ice prism gives a result for the dielectric 
constant of ice which is not greatly different from 
those found by other electrical methods when the 
disturbing influence of temperature is eliminated. The 
observed values of the deviation of the ray by the 
prism used by me are unquestionably only approximate 
values, as the radiation emitted from the radiator is 
far from being a well-defined ray. It is remarkable 
in fact that when dealing with radiation, the wave 
length of which is so large compared with the dimen- 
sions of the prism, one should be able to obtain any 
well marked refraction at all. 

I have also succeeded with the same apparatus in 
showing the total internal reflection of the ray by a 
right-angled prism of paraffin. Most interesting of all, 
however, is the concentration of the electric ray by 
paraffin lenses. | have here a plano-cylindrical lens 
of paraffin wax (see Fig. 10). The radius of curvature 
of the curved side is six inches, and the focal length 
is twelve inches. Two conjugate foci exist for such a 
lens (made of a material of refractive index 20) at 
distances 24 inches on either side of the lens. If we 
place our radiator-box and receiver-box at a distance 
of four feet, we may so adjust the receiver that the 
direct radiation is too weak to cause the bell to ring. 
If we interpose the paraffin lens half-way between it 
converges the radiation on to the receiver, and creates 
an electrical focus and the bell of the receiver at once 
rings. This shows clearly that the paraffin lens gathers 
up the diverging electric radiation and focuses it on 
to the receiver. 

With the same apparatus interesting experiments 
can be shown illustrating the action of gratings on 
this electric radiation. 

If we interpose in the path of the ray a grid made 
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by winding wire over a frame, it is found that this 
grid is opaque to the radiation if the wires are held 
parallel to the electric force of the ray, but transparent 
if they are held parallel to the magnetic force. The 
reason for this seems to be that in the former case 
secondary electric currents are set up in the wires, 
and these shield the receiver from the original radia- 
tion, because the magnetic force of the induced current 
is exactly opposite in phase to the magnetic force of the 
original ray at that point where the wire is situated, 
and hence a complete shielding takes place. 

I find that a set of large pins, arranged parallel to 
each other at a little distance apart, acts in a similar 
manner, but a set of very small or midget p.as simi- 
larly arranged is not an effective screen. The use of 
the small pins simply amounts to the cutting up of a 
large wire into very short lengths, and this effectually 
prevents the induction in it of any sensible current. 

A large number of different methods have been em- 
ployed for determining the electrical refractive index 
of dielectrics. One of the most simple of these is to 
employ a Hertz resonator of rectangular form, having 
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spark balls at the center of one side and a wire at. 
tached to the center of the opposite side, this wire 
being connected to the secondary terminal of an induc. 
tion coil. When the coil is set in operation, no sparks 
would then be found to occur at the spark balls of the 
resonator, because the electrical oscillations, starting 
from the point of origin, arrive at the spark balls by 
two different routes of equal length. If, however, one 
side of the rectangle is immersed in paraffin, sulphur, 
or any other dielectric, the equality is broken down 
and sparking would occur. This sparking can only 
be stopped by lengthening the opposite side of the 
rectangle, so as to increase its inductance, and when 
this is the case, the product of inductance and capacity 
of each side must be equal. Hence we can deduce the 
dielectric constant, and therefore the refractive index, 
of the material in which one side of the rectangle is 
immersed. 

Experiments of this kind made by Prof. J. J. Thom- 
son, to determine the electrical index of refraction 
of paraffin and sulphur, gave values respectively of 1.35 


9. 


and 1.7, indicating dielectric constants equal to 1.8 
and 2.9. 

By a similar and more sensitive arrangement, Arons 
and Rubens found the electrical refractive indices of 
certain substances to be as follows: 


The values for the electrical refractive index were 
found to be in fair agreement with the dielectric con- 
stants of the same substances, as determined by slow 
alternations of electric force. 

Similar measurements have been made by A. D. Cole 
by determining the reduction in wave length which 
occurs when the parallel wires of a Lecher arrange 
ment are passed through a trough containing liquid. 
Cole has measured in this way the electrical refractive 
index of water and alcohol (Wied. Ann., 57, p. 290, 
1896). 

In the first experiment, waves having a wave length 
of 300 to 600 centimeters length in air were used. The 
wave length in water for the same frequency was 
about one-ninth part of the above length, the exact 
ratio being 8.9, which is therefore the exact refractive 
index of water. This number agrees very well with 
similar measurements by Drude, using waves of 60 
centimeters in length, which gave the value of 8.7 for 
the electrical refractive index of water. The square 
of 8.9 is 79.21, which is almost identical with the value 
of the dielectric constant of water, as determined by 
electrostatic methods, such as that employed by Heer- 
wagen. 

Electrical waves having wave length 209 centimeters 
in air have been found to give for alcohol an elec- 


trical refractive index of 5.24, and the square of this 
last number agrees very well with the electrostatic or 
low-frequency determinations of the dielectric constant 
of alcohol. 

By employing short electric waves, five centimeters 
or so in wave length, Cole was able to measure the 
electrical refractive indices of water and alcohol by an 
indirect method. A sheet of zinc, one millimeter thick, 
is found to reflect the electric ray practically without 
loss at 45° when the electric component is perpendicu- 
lar to the plane of incidence. Measurements of the 
reflective power of a water surface at the same inci- 
dence (45°) show that the reflective power is 71.8 per 
cent when the electric component is perpendicular to 
the plane of incidence, and 52.7 per cent when the elec- 
tric component is parallel to the plane of incidence. 
In this latter case the zinc surface would reflect 92 
per cent. 

By applying two formule due to Fresnel, the index 
of refraction can be determined from these data. For 
water, the value deduced was 8.85; for alcohol the 
electrical refractive index lies between 3.15 and 3.25. 
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Hence, it appears that in the case of alcohol there 
is a rapid diminution in the refractive index as the 
wave length is shortened for 300 to 600 centimeters to 
5 centimeters, but for wave lengths within the above- 
named range little or no such diminution occurs in 
the case of water. 

The above facts, however, show that in the case of 
both these fluids there must be considerable anomalous 
dispersion. It is well known that within the limits 
of the ordinary visible spectrum a decrease in the 
wave length of the refracied light is accompanied by 
an increase in refractive index in the case of most 
transparent bodies. 

For instance, when light passes through water, alco- 
hol, or bisulphide of carbon, the waves which produce 
the sensation of violet light are shorter in wave length 
and have a larger refractive index, and are therefore 
more refracted than those which produce the sensation 
of red light. But this is not universally the case. 
Many substances are known—such, for instance, as an 
alcoholic solution of fuchsine—which possess anomal- 
ous dispersion, and for these substances the red rays 
are not less refracted than the violet, but the order 
of the colors in the spectrum is entirely changed. If 
light is passed through a thin prism formed with the 
above solution, the violet rays are found to be less 
refracted than the red. This anomalous dispersion 
always accompanies great local absorption in the spec- 
trum; and as Kundt has pointed out, wherever there 
is a strong absorption band in the spectrum, the refrac- 
tive index is abnormally increased below the band, and 
abnormally diminished above the band in going up the 
spectrum from red to violet. 

In the case of water the optical refractive index for 
waves having a wave length within the limits of the 
visible spectrum is a number lying between 1.4 and 
1.3, a decrease in the refractive index within these 
limits corresponding to an increase in wave length. 
If, however, the incident wave length is increased in 
length up to 5 centimeters or upward, by employing 
electrical waves the refractive index rises to a number 
not far from 8.9, and all experiments show that when 
using electric waves having wave lengths between the 
limits of six meters and six millimeters, the electrical 
refractive index of water is a number not far from 8.9. 

Hence, there must be a large fall in refractive index 
in passing from the frequency 6 < 10", corresponding 
to waves of five millimeters in length to the frequency 
of 400 x 10°, corresponding ‘to the waves which give 
rise to red light which have a wave length of about 
1/1300th of a millimeter. 

Accordingly it is clear that, in the case of water, 
there must be a marked anomalous dispersion. This 
may be connected with the strong absorption band 
which is known to exist in the case of water in the 
ultra red spectrum. 

For alcohol i has been found that in passing from 
electric waves .eving a wave length of 8 or 9 meters 
to waves having a wave length of about 8 millimeters, 
the electrical refractive index drops from a value of 
5 or thereabouts to a value of 2.5. In other words, 
the refractive index diminishes with the wave length; 
hence it is clear that here also there must be anomalous 
dispersion. 

One of the results which has emerged from these 
investigations is the proof that is afforded by them of 
the fact that a change in frequency has a very much 
greater effect upon the electrical refractive index of 
some substances than others. Thus, as regards ice, 
it has been shown by M. E. Bouty* that when using low 
frequency alternations of electric force, the dielectric 
constant of ice at —23° C. and upward has a value of 
78.8. Dr. J. Hopkinson and Prof. E. Wilson also made 
determinations of the same constant, and found that 
for alternations lying between 10 and 100 a second, 
the dielectric constant of ice is a number of the order 
of 80. 

M. Blondlot (Comptes Rendus, vol. 119, 1894, p. 595), 
using electric waves, has measured the electrical re- 
fractive index of ice and found a value of 1.41 for it, 
corresponding to a dielectric constant 2. The experi- 
ments of Dr. Hopkinson and Prof. Wilson showed that 
the dielectric constant of ice measured with a fre- 
quency of a million is a number less than 3.0. Blond- 
lot’s value for the electrical refractive index of ice 
has been confirmed by A. Perrott (Comptes Rendus, 
vol. 119, p. 601, 1894), who found the value of 1.43 of 
the electrical refractive index. 

We see, therefore, that for even, comparatively speak- 
ing, very moderate frequencies, the electrical refrac- 
tive index of ice falls to a value not far from that of 
its optical refractive index, whereas over the same 
range of frequency the electrical refractive index of 
water still maintains a value of 8.9, which is far above 
the value of its optical refractive index. This and 
many other similar facts appear to show that when 
liquid dielectrics of high dielectric constant pass into 
the solid state these abnormally large values of electri- 
eal refractive indices are more easily reduced to an 
approximation in value to the optical refractive indices 
by increased frequency than are those of the corre- 
sponding liquids.+ 

As regards glass, Bose has measured the index of 
refraction of glass for electric waves by a method 
@sembling the optical method of total reflection due 
to Terquem and Trannin, using electric waves having 
a frequency of 10” or a wave length of 3 centimeters. 
By four different methods he found a value for the 
electrical refractive index of glass close to 2.04; the 
value of the optical refractive index for the D rays for 
the same glass was 1.53. The dielectric constant of 
this glass, when determined by static methods, would 
probably have yielded a number not far from 6, the 
square root of its dielectric constant would probably 
have been a number lying between 2.5 and 3. Hence 
the electrical refractive index has a number approxim- 
ating more closely to the optical refractive index than 
does the square root of the static dielectric constant. 

Leaving out of account questions of the absorption 
of energy, the facts show then that electric waves 
travel very much more slowly through dielectrics than 
through empty space. In the case of water, the veloci- 
ties in space and water are in the ratio of 9 to 1, for 
any electric wave lengths yet produced; while for 


“+ Journ. de Physique, vol. i.. 1892. 

+ See Fleming and Dewar, ‘“* Note on the Dielectric Constant of Ice and 
Alcohol at Very Low Temperatures,” Proc. Roy, Soc., vol. 61, pp. 2 and 
316. 
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visible light waves the ratio is more nearly 1.3 to 1. 
We find that for alcohol the wave velocity ratic is 
5 to 1 for long electric waves, and 2.5 to 1 for the shore 
est electric waves yet produced; whereas for visible 
light waves the ratio is only about 1.3 to 1. 

When, however, we select such substances as paraffin 
oil, turpentine, many hydrocarbons, liquid oxygen, or 
bodies of simple chemical constitution, we find no such 
great difference between the velocities of the electrical 
and light waves of very different wave length. Then 
again, it has been shown that very low temperature 
annuls this difference in the velocity ratios for electric 
and eye affecting radiation. 

An interesting question then presents itself for solu- 
tion: We ask why is it that water retards the velocity 
of non-visible electric waves so much more relatively 
than it does the velocity of visible light waves if 
light waves are only electric waves of very high fre- 
quency? The answer to this question is found in the 
variation of dielectric constant with frequency. There 
are a large number of substances of simple symmetrical 
chemical constitution—such as the liquid gases, par- 
affins, saturated hydrocarbons, etc.—which have all di- 
electric constants lying in value between 2 and 3, and 
optical and electrical refractive indices lying between 
1.4 and 1.7, and these values are but little disturbed 
by any change in frequency varying between zero and 
billions per second. It would seem as if the matter 
of which these bodies consist merely had the power 
of about doubling the dielectric constant of empty 
space or ether without much changing the qualitative 
characteristics of the dielectric constant of the ether. 
We have seen that, according to Thwing’s law, the 
dielectric constant of these bodies is always 2.6 times 
their density. 

On the other hand, all bodies, the molecules of which 
contain those little groups of easily removed atoms 
which chemists call radicles—such, for instance, as 
hydroxyl, nitryl, ete.—have dielectric constants more 
or less sensitive to change in frequency according to 
their temperature. An increase in the frequency gen- 
erally, but not always, decreases the dielectric con- 
stant. Hence, as a rule, in these cases the electric 
displacement is larger for a given electric force the 
longer the time during which the force is applied. To 
elucidate these anomalies, I venture to propound the 
following theory: 

For the sake of argument and brevity, let me assume 
the electronic theory. Start, then, with Dr. Larmor’s 
fundamental conception of the electron as a strain 
center in the ether, electrons being either positive or 
negative. Assume, with him, that atoms are colloca- 
tions of electrons in stable orbital motion. In a satu- 
rated chemical molecule or atom we must then postu- 
late that the positive and negative electrons are equal 
in number. We may take this to be the case in those 
chemically inert substances—the paraffins and satu- 
rated hydrocarbons and other symmetrical atoms or 
molecules not containing chemical radicles. We must 
assume that whatever may be the nature of the ether 
strain which results from an application of electric 
force, it is of such kind that it causes, or tends to 
cause, a displacement of positive and negative electrons 
in opposite directions. This displacement is instanta- 
neous and of a purely elastic type, so that whether the 
force is reversed slowly or rapidly, the ratio of the 
whole electric strain to the electric stress—i. e., the 
dielectric constant—remains the same. Accordingly, 
the existence of electric force in a dielectric creates 
an ether strain and slightly distorts the configuration 
of the electronic groups which form the material 
atoms of a dielectric. The elastic reaction to the 
stress is the same, or nearly the same, whether it is 
reversed billions per second, as in the case of a ray of 
light passing through the dielectric, or very slowly, 
say 100 times per second. For these substances, then, 
Maxwell’s law is fulfilled. 

Consider next a substance such as water. Chemical 
arguments lead us to regard the molecule of water as 
capable of fission or partition into two non-identical 
masses—viz., H and (HO), which are respectively the 
semi-molecules of hydrogen and hydroxyl. These 
masses, when free, constitute the ions of water, and 
when free carry electric charges. Hence, on the elec- 
tronic theory, they must each be regarded as colloca- 
tions of electrons, but the H groups or masses contain 
more positive electrons than negative, and the (HO) 
groups more negative than positive. 

When united to form the water molecule, the col- 
lective mass H (HO) possesses an electric moment— 
that is to say, it is equivalent to a mass having a 
positive charge on one part and a negative on another. 
All chemical facts lead us to believe that the union 
between the O and the H in the semi-molecule of 
hydroxyl (HO) is far more intimate than the union 
between the H and the (HO) in water. Accordingly, 
under the action of electric force the water molecule 
will be oriented in space like a small magnet in a 
magnetic field. This orientation is equivalent to an 
additional electric displacement over and above that 
due to the mere strain of the electrons in the molecule 
or of the ether in the same place. According to the 
theory here suggested, it is this orientation of the 
molecules which bestows the abnormal value upon the 
dielectric constant. We have next to explain on this 
theory why these abnormal values of dielectric con- 
stant become normal on lowering the temperature 
sufficiently. Thermodynamic theory seems to indicate 
that sensible heat is the result of mass movements of 
molecules. Hence, as the temperature is lowered, the 
molecular agitation is quieted down and the molecules 
may unite into larger groups or aggregations. It is 
then easy to see that these larger groups of molecules 
will cease to possess an electric moment, just as groups 
of equal small magnets, united pole to pole so as to 
form closed magnetic circuits, cease to possess a mag- 
netic moment as a whole. Accordingly, external elec- 
tric force can no longer orient these molecular groups. 
an‘ their power to contribute to augment the normal 
dieiectric constant disappears. Hence, at very low tem- 
peratures, if ice consists of molecular aggregates of 
water molecules, it should have, as in fact it has. a 
dielectric constant not very different from that value 
due to a very rapidly reversed electric force when 
at 0° C., viz., a value lying between 2 and 3. Also, 
it is easy to see why on this theory high frequency 
in the electric force reversals leads to the same result 
as very low temperature. 
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In the case of the extra high-frequency alternating 
electric force (billions per second) the inertia of the 
water or ice molecule prevents it from orienting. The 
only effect of the electric force is to produce ether 
strain and strain of the electrons forming the mole- 
cule. At very low temperatures the molecules do not 
orient because they are bound up in groups and have 
no resultant electric moment. 

We also find experimentally that for such bodies as 
water, alcohol, etc., there is a temperature at which 
the large or abnormal dielectric constant has a maxi- 
mum value. The decrease of dielectric constant at and 
above a certain temperature may be explained by the 
gradual breaking up of water molecules having an 
electric moment, and therefore capable of being ori- 
ented, into ions having no electric moment. The grad- 
ual increase of conductivity in ice accompanying this 
dielectric change as it is heated is easily explained in 
the above theory, because the ions at once move under 
the electric force, and moving ions constitute electro- 
lytic conduction. 

must not occupy more time in developing this 
theory at any length, but it seems to me to fit fairly 
well with most of the observed facts as regards the 
influence of temperature and frequency upon the values 
of the dielectric constants of insulators and electro- 
lytes, and to obtain support from the results of the 
dielectric measurements at low and increasing tem- 
peratures, to which allusion has already been made 
in a previous lecture. 

It is a curious fact that the more complicated and 
heavier molecules, such as those of the alcohols and 
glycerine, have their normal dielectric constants re- 
duced to smaller and normal values by an increase in 
the frequency of the alternating impressed electric 
force not at all sufficient to similarly affect the abnor- 
mal dielectric constant of a lighter molecule, such as 
that of water. 

To these and many other interesting questions in 
molecular mechanics we are led by the study of electric 
waves and their propagation through dielectric mate 
rials. In this short course of lectures | have only 
been able to touch in the most superficial manner upon 
some of the chief results of scientific investigation 
of the last thirteen years on the properties and pro- 
duction of electric waves. Time has not been found 
even for mention of the application of these electric 
waves in space telegraphy without continuous wires. 


CONTEMPORARY ELECTRICAL SCIENCE.* 

LuMINOsiITy or GaseEs.—J. Stark, in continuing his 
researches on the luminosity of gases under electric 
discharge, has arrived at some interesting general con 
clusions. Luminosity is due to the impact of ions 
upon each other and upon neutral molecules, the lum 
inosity being greater in the former than in the latter 
ease. The greatest amount of luminous energy is 
evolved where the greatest number of encounters be 
tween positive and negative ions takes place—i. e., at 
the points of maximum ionization. The gas itself sends 
out the luminous rays, and the process is intimately 
connected with the diffused reflection of cathode rays 
by solid bodies. In these encounters, the place of the 
solid bodies is occupied by the positive ions. It is in 
the luminous portions of the discharge that the kinetic 
energy of ions produced at the cathode is absorbed. 
The mean velocity of an ion depends not only upon its 
mean free path, but also upon the degree of ionization 
of the gas, for the mutual attraction of the ions brings 
about a greater number of encounters than would other 
wise take place. Luminosity is produced not only by 
the primary cathode rays, but also by the secondary 
ones, and, indeed, at a greater number of points by the 
latter, since, owing to their smaller velocity they are 
diverted and dispersed to a greater extent by the 
positive ions.—J. Stark, Phys. Zeitschr., January 1%, 
1901. 


TEMPERING OF OVERSTRAINED LRon.—It is well known 
that iron hardened by overstrain, such as permanent 
stretching, may have its original properties restored 
by annealing. Experiments made by James Myjr show, 
however, that if iron hardened by overstrain be raised 
to any temperature above 300 degrees, it may be par 
tially softened in a manner analogous to the ordinary 
tempering or “letting down” of steel which has been 
hardened by quenching from a red heat. This temper 
ing from a condition of hardness induced by overstrain, 
unlike ordinary tempering, is applicable not only to 
steel, but also to wrought iron, and possibly to other 
materials which can be hardened by overstrain and 
softened by annealing. In the author's experiments. 
the straining was performed by means of a 50-ton test- 
ing machine. A rod of semi-mild steel showed a yield 
point at about 38 tons per square inch to start with 
After overstraining it and laying it aside for 1%, days, 
the specimen showed a marked recovery from strain, 
and after resting for two weeks the curve of strain 
was found to return nearly upon itself. A _ perfect 
restitution could be obtained at once by a few minutes’ 
immersion in boiling water, or an exposure to a tem 
perature of 200 degrees. At the same time the yield 
point rose to 49 tons per square inch, and another 
similar operation even raised it to 60 tons.—J. Muir, 
Proc. Roy. Soc., January 19, 1901. 


TorsionaL MacNnerosrricrion.—In 1885 Kirchhoff 
published his remarkable research on, the effect of 
stress upon magnetization. This is the most compre 
hensive treatment which the problem has received, and 
it agrees in its applications with the deductions of Lor 
berg and of Korteweg for the analogous case of electro 
striction. Maxwell's original stresses refer to a medium 
without structure. Helmholtz makes the stresses in 
the electric or the magnetic field depend on changes of 
density in the medium, while Kirchhoff’s stresses allow 
for a dependence both on bulk and on elongation, and 
thus involve three constants, viz., permeability, bulk 
expansion, and elongation. The experiments of Nagaoka 
and Honda show an imperfect agreement with theory 
both for iron and for nickel. C. Barus has, therefore, 
devised a statistical treatment of the subject, such as 
was suggested for viscosity by Maxwell. He illustrates 
his theory by means of a model consisting of two cir- 
cular plates joined by a number of elastic bands, and 


* Compiled by E. E, Fournier d’Albe, in The Electrician. 
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held apart by a rod pivoted at the centers of both. 
iie finds that the effect of longitudinal magnetization 
is an increment of rigidity in all paramagnetic metals, 
whereas the permanent effect of a transverse or a cir- 
cular field is relatively inappreciable so far as rigidity 
is concerned.—C. Barus, Am. Journ. of Science, Decem- 
ber, 1900, 


Hor-Wire INstRUMENTS.—At a recent lecture before 
the Italian Electrochemical Association, C. Olivetti 
enumerated the requirements to be fulfilled by a sat- 
isfactory hot-wire instrument for electromagnetic 
measurements in which the expansion produced by the 
heating is measured after amplification. The wire 
should have a large temperature coefficient of expan- 
sion, a high resistance with small temperature co- 
efficient, and a great rigidity, and it should remain 
unoxidized and unmodified at high temperatures. The 
best substance so far adopted is an alloy of two parts 
of silver and one of platinum. The greatest advantages 
of hot-wire instruments are that they are independent 
of magnetic fields and independent of the form of the 
current curve, as they work equally well with con- 
tinuous and alternating currents. The author describes 
various windings of the wire by means of which its 
mechanical strength can be increased and the con- 
sumption of energy reduced.—C. Olivetti, Att. dell’ Ass. 
El. Ital. IV., 3, 1900. 


CHARGES DUE TO RoENTGENIZED Alr.—E. Dorn attempts 
to explain Villari’s curious observation that Réntgen- 
ized air charges metallic bodies positively when it im- 
pinges upon them with force, and negatively when it 
touches them lightly. The author's explanation is 
based upon the difference in the velocities of the two 
classes of ions When the ionized air flows past a 
metallic surface without perceptible friction, the nega- 
tive ions are, owing to their swifter motion, the only 
ones which will touch the surface to any great extent. 
When there is strong friction, with rapid changes of 
direction of motion over small distances, the superior 
mass of the positive ions will enable them to retain 
their direction of motion to a greater extent than in 
the case of the negative ions. This differentiation is 
assisted by the fact that in gases under ordinary pres 
sure the mass of both kinds of ions is much greater 
than the mass of the unionized molecule. The mixture 
of the three classes of particles may be compared with 
that of stone blocks of two sizes. mixed with sand, and 
allowed to slide down an inclined plane.—E. Dorn, 
Phys. Zeitschr., January 13, 1901. 


ReEMANENT MaGNeTIsSM.—The magnetization remain- 
ing after the magnetizing force has been removed has 
been already studied in a variety of specimens and 
shapes. P. Holitscher has studied the same matter in 
one and the same iron ellipsoid, with especial reference 
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to the duration of magnetization and to the number of 
magnetic impulses applied. He finds that the remanent 
magnetic moment is distinctly dependent upon the time 
during which the magnetizing force is applied. It 
takes from one minute to three minutes to have its 
full effect in the case of fields varying from one unit 
to six units. This is all the more strange as the tem- 
porary magnetization is practically independent of the 
duration of magnetization. When the direction of the 
field is kept constant, successive impulses increase the 
remanent magnetism, the increase becoming slow after 
the first 10 impulses, but continuing to be perceptible 
until some 100 impulses have been given. On the other 
hand, when opposite magnetizations are induced in 
succession, the remanent magnetism remains sensibly 
the same. During the first few impulses there is some 
variation, but that is probably due to incomplete 
previous demagnetization, and steady values are always 
obtaired after the first six reversals.—P. Holitscher, 
Ann. Physik, No. 12, 1900 


Air Tontzep py Roentoen Rays.—E. Villari has made 
a careful study of the manner in which aria irata is 
lischarged, and how the discharging bodies take up the 
charge. He finds that bent tubes absorb the charge 
more quickly than straight tubes, whether they con- 
sist of copper, lead, glass or india-rubber. A tube of 
flexible copper 3 inches or more in length and 1 centi- 
meter in diameter, twisted into 8 or 10 turns, and well 
insulated by paraffin and a glass tube, charges itself 
to a potential of some 30 volts when traversed by,ion- 
ized air. Similar charges, though not quite so high, 
may be obtained by sending the Réntgehnized air 
through “filters” of fine brass wire gauze contained in 
brass tubes. Even when the gauze is not very fine, 
several pieces superimposed and mounted in glass tubes 
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take charges of from 15 to 20 volts. Under similar 
circumstances, however, metallic films take a cor- 
responding negative charge. This was observed in the 
case of copper, iron, zinc, brass, platinum, aluminium, 
and tin. The author is led to the conclusion that the 
same metal will require a negative or a positive charge 
accordingly as it is struck forcibly or softly by the 
ionized air. A negative charge may be converted into 
a positive charge by simply lengthening the tube.—E. 
Villari, Nuovo Cimento, August, 1900. 

PRessURE AND TEMPERATURE IN THE ELectric SpARK.— 
E. Haschek has supplemented his own and Mache’s 
experimental work on the pressure and temperature 
within the electric spark by a theoretical treatment 
based upon the conceptions of Schuster. KH is supposed 
that at the beginning of the discharge certain minute 
particles, whether of air or of electrode material, are 
projected with a great velocity from both electrodes. 
Their initial velocity between zinc poles would be about 
3,000 meters per second, but owing to the resistance of 
the gas traversed, this velocity would fall to about 
400 meters per second by the time the particles are 
4 millimeters away from the electrodes. The collisions 
which bring about this retardation also produce a rise 
of temperature, and the retardation itself produces 
an accumulation of particles which gives rise to an in- 
crease of pressure. Both pressure and temperature 
show a strictly corresponding distribution. With five 
large Leyden jars and a spark-gap of 8 millimeters 
the maximum temperature would be some 1,000 degrees 
in the center, and the maximum pressure would amount 
to some 28 atmospheres. This is of the same order as 


the pressure determined experimentally.—E. Haschek, 
Ann. Physik, No. 12, 1900. 


NEW YORK STATE SURVEY. 

Tue topographic survey and map of New York 
State is making much more satisfactory progress than 
formerly. At the present time 109 atlas sheets have 
been published. The work which the United States 
Geological Survey is doing in co-operation with the 
State is now nearly half completed. The larger por- 
tion of the mapping is in the eastern part. When 
three or four more sheets are finished, there will also 
be a complete series of sheets across the State along 
the line of the Erie Canal. The sheets embracing the 
Adirondacks and the Catskills have all been pub- 
lished, and it will doubtless interest many summer 
visitors to the mountains to find on these fine maps 
the many hills, valleys, streams, and hamlets with 
which they are familiar. 

Of course, these map sheets, based as they are on 
detailed surveys, are the best maps of the areas they 
cover that have yet been produced. They will be the 
basic or mother maps on which atlas sheets issued by 
commercial publishers must be grounded if they wish 
to produce the best possible maps of the State. The 
maps are engraved on copper and printed from stone. 
The cultural features, such as roads, railroads, cities, 
towns, houses, and so on, as well as the lettering, are 
in black. All the water features are in blue, while 
the hill features are shown by brown contour lines, or, 
in other words, lines of equal elevation, each line 
showing changes of height and slope of surface for 
every twenty feet of elevation. 

Some of the maps bave been combined to sbow 
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special areas in the State. Thus a map of Albany and 
its neighborhood is composed of the Albany, Troy, 
Cohoes, and Schenectady sheets; that of New York 
city and vicinity of the Harlem, Brooklyn, Staten Isl- 
and, and Paterson sheets; and that of Niagara Falls 
and its surroundings of the Niagara Falls, Tonawanda, 
and Wilson sheets combined and printed as a single 
map. 

Any one who desires to procure these fine map sheets 
may do so at a small expense. 


THE IMPROVED HUGHES PRINTING-TELEGRAPH, 


Tue well-known Hughes printing-telegraph, so wide- 
ly used in Europe, has hitherto been driven by a clock- 
train, the motive power of which was derived from a 
falling weight. When the weight had reached the 
limit of its travel the operator was compelled to raise 
it by means’ of treadle. Messrs. Siemens and Halske 
have substituted for this weight an electric motor, 
which drives the tape-wheel continuously, and which 
requires no attention from the operator. The illus- 
trations which we present herewith will prove to those 
familiar with the Hughes apparatus how much simpler 
the new arrangement is. Fig. 1 illustrates the weight- 
driven instrument, and shows the cumbrous chain and 
sprocket gear by which the tape-wheel was formerly 
driven. Fig. 2 is a view of the improved instrument, 
and tells more clearly than words the story of the 
improvement. 

The movement of the motor is transmitted by bevel- 
gearing to the governor and to the main shaft of the 
apparatus. The motor is wound for a direct current 
varying in tension from 65 to 110 volts. The governor 
is an important part of the improved instrument, for 
by its means a definite number of revolutions is con- 
stantly maintained and the tape is paid out at a uni- 
form rate. ‘The governor is of the centrifugal type, 
the two balls as they move upward and outward, or 
downward and inward, controlling the rate of move- 
ment of the bevel gearing. By means of an adjusting 
screw on the upper end of the shaft a guide-pin, engag- 
ing a slot in the shaft and carrying two steel wires on 
which the balls are mounted, is raised or lowered. 

Not only the driving mechanism, but also the guid- 
ing device of the tape, has been improved. Contriv- 
ances which hold the tape to the printing roller are 


HUGHES PRINTING-TELEGRAPH. 


not new. But the regulation of the pressure on the 
tape has always been difficult. In the new Hughes tele- 
graph a sheet steel ribbon is used, formed at one 
end with a fork, curved to conform with the printing- 
roller and to hold the tape in proper position. The 
other end of the steel ribbon is adjustably held, so 
that the pressure of the fork on the tape can be regu- 
lated. 


THE LIMIT OF ALCOHOLIC STRENGTH OF 
NATURAL WINES. 

AN important point in regard to the amount of alco- 
hol which may be normally developed in a natural 
wine is raised in a letter which appears in our corre- 
spondence columns this week. The discussion of the 
question, as will be seen, had its origin in the results 
obtained in The Lancet Laboratory in regard to the 
strength of certain South Australian wines under 
examination. The view of our correspondent would 
appear to be borne out by the report of a commission 
appointed to inquire into the alcoholic strength of 
South Australian wines by the Colonial Government. 
According to this report a great number of natural 
wines produced in South Australia showed an alcoholic 
strength of as much as 38.5 per cent of proof spirit, 
which is equal to 15.5 absolute alcohol by weight, or 
19.18 per cent by volume. Further instances, accord- 
ing to this report, show strengths of 38.7 per cen 
42.57 per cent proof spirit, which are equal to 1 
cent and 19.83 per cent by weight of absolute al: 
respectively. The assumption is that the clim: 
South Australia possesses such ripening qualiti 
to produce a grape juice exceedingly rich in s: 

As a matter of fact, the grape juice shows a sy 
gravily far exceeding that of grape juices produc: 
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other wine-producing countries, and especially those 
of Europe. Of course, it does not follow that because 
grape juice is exceptionally rich in sugar it will neces- 
sarily produce a corresponding amount of spirit, for 
whatever the limit may be there is undoubtedly a point 
at which natural fermentation will cease when the 
alcoholic strength is such as to prevent the further 
growth of the yeast organisms and therefore the fur- 
ther development of spirit. It will be found that bi- 
ologists, chemists and others have generally laid down 
that the amount of alcoho! produced in a normal fer- 
mentation does not usually exceed 12 per cent by 
weight, which is equivalent to about 26 per cent of 
proof spirit. Accordingly, when a wine is found to 
contain alcohol in excess of this amount a suspicion is 
entertained that it has been fortified or brandied. 
Thus, in dealing with certain specimens of colonial 
wine Dr. A. Dupré and Dr. J. L. W. Thudichum, in 
their work on “The Origin, Nature and Use of Wine,” 
report the strengths respectively of 29.4 per cent and 
27.2 per cent of proof spirit. They conclude in the 
former case that the wine “consequently was brandied”’ 
and in the latter that it “was therefore alcoholized.” 
Dr. Percy Frankland, in Thorpe’s “Dictionary of Ap- 
plied Chemistry,” page 117, writes also: “When the 
proportion of alcohol produced amounts to 12 per cent 
the further growth of the yeast is prevented, and with 
14 per cent (30.26 per cent proof spirit) fermentation 
ceases altogether.” Mr. Wynter Blyth, in his work on 
‘Foods,” page 480, also writes: ‘Natural wines contain 
as a minimum 6 per cent (13.11 proof spirit), and as 
a maximum a little over 12 per cent of absolute alcohol 
by weight (26 per cent proof spirit). Even under 
favorable conditions scarcely more than 15 per cent 
of alcohol (32.38 per cent proof spirit) can be obtained 
by fermentation.” Again Prof. Fischer, of the Uni- 
versity of Leipsic, writes in his recent book on “The 
Structure and Functions of Bacteria,” on page 132, 
that “as soon as all the sugar in a fermenting fluid is 
used up the process ceases, as it does also in any case 
when the alcohol has reached 12 or 14 per cent.” Again 
Von Richter, in his “Organic Chemistry,” page 120, 
says: “The yeast germs cannot grow in liquids con- 
taining 14 per cent of alcohol.” Dr. Dupré and Dr. 
Thudichum also say in their work already alluded to: 
“But even a wine of 26.5 degrees of proof spirit is upon 
the limits of what is chemically possible, because fer- 
mentation even under the most favoral > conditions is 
invariably arrested by the presence of about 15 per 
cent of alcohol.” Lastly, Dr. Hassall came to a similar 
conclusion when he stated in connection with the work 
of The Lancet Analytical Commission that “even if 
the must were rich enough to permit of the formation 
of a higher amount of alcohol, it could not do so since 
fermentation is stopped in any liquid containing 15 
per cent of absolute alcohol by volume, equal to 26.66 
per cent of proof spirit." There seems, therefore, to 
be a consensus of opinion among biologists, chemists 
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smallest audible impulsive sound given out by a 
telephone diaphragm. The industrial importance of 
this is obvious—P. E. Shaw, Phil. Mag., December, 
1900. 


SEVEN-INCH VS. SIX-INCH GUNS FOR OUR NuW 
ARMORED CRUISERS. 


To the Editor of the Scientriric AMERICAN: 

My attention has just been attracted by an article 
in your issue for April 6, in which one of your corre- 
spondents takes exception to the proposal to substitute 
7-inch rapid-fire guns for 6-inch rapid-firers in the 
batteries of our new armored cruisers. As every one 
knows, there are always two sides to every question, 
and one side holds good until the other is heard. While 
it is extremely improbable that any change will be 
made in the present batteries of these ships, yet, for the 
sake of argument and a “further discussion of the sub- 
ject in question on a more comprehensive basis,” let 
us assume that the proposed plan of substitution will 
be adopted, and consider your correspondent’s objec- 
tions in the light of this assumption. 

Your correspondent’s first, and principal, objection 
is that “there would be no gun of intermediate caliber 
between the 7-inch and the 3-inch (14-pounder) guns.” 
Whether or not this is a practical disadvantage is 
open to question. If we consider the latest armored 
cruisers of the Italian navy in this connection, we 
find vessels carrying twelve 3-inch rapid-firers as a 
secondary battery to twelve 8-inch rifles. Apparently, 
the fact that the limits of displacement prohibited 
the installation of any guns of intermediate caliber 
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same accuracy of fire with the former as with the 
latter. Add to this the fact that, owing to the increase 
in caliber, the 7-inch gun will have greater’ range and 
much more power than the 6-inch, and it will easily 
be seen that the advantage is overwhelming in favor 
of the 7-inch weapon. It is an incontrovertible fact 
that the smaller the caliber the greater is the rapidity 
of fire; the 4-inch rapid-firer is vastly superior to the 
6-inch in rapidity of fire, but I do not think that your 
correspondent would wish to substitute a battery of 
4-inch rapid-fire guns in place of the 6-inch weapons 
on our ships. In connection with this question of 
rapidity of fire, your correspondent makes the follow- 
ing surprising statement: 

“What overwhelmed the Spanish gunners was not the 
accuracy of our fire, far from it—only from two to 
three per cent of the shots taking effect: it was the 
rapidity of our fire that filled the air with shell that 
demoralized them.” 

Permit me to say that I very much doubt if the hos 
tile gunners either at Manila or Santiago cared two 
figs for all the shot which were limited in their death 
dealing mission to puncturing the surrounding atmos 
phere. According to your correspondent’s theory, the 
positions of victors and vanquished at Santiago shou! 
have been reversed, for the Spanish fire, while it lasted, 
was much more rapid than ours. The lessons of 181” 
and 1898 have amply demonstrated the fact that it 1: 
not the shots that don’t hit, but those that do hit, that 
win the battle. 

To return to our subject. As may be gathered from 
your correspondent’s letter, it has always been cus- 
tomary to place on the heavier types of warships guns 
of intermediate caliber between the heaviest guns of 
the main battery and the principal rapid-firers of the 
secondary battery. From the first our naval designers 
have clung to the 8-inch gun as the weapon best 
suited to occupy the most important position in the 
batteries of our armored cruisers. On the other hand, 
the caliber of the intermediate pieces has been steadily 
increased during the past ten years. Thus we see the 
4-inch guns on the “New York” displaced by 5-inchers 
on the “Brooklyn,” and the 5-inch gun, in turn, has 
given way to the 6-inch on the “California.” Hence, 
the substitution of 7-inch guns for those of 6inch 
caliber would be merely the logical sequence of a 
series of changes which have been brought about by 
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and others that the utmost limit of normal alcoholic 
strength in a natural wine is 26.66 per cent of proof 
spirit. And upon this figure is founded the means of 
deciding whether a wine is fortified or not. Yet accord- 
ing to the returns published by a commission in South 
Australia a natural wine produced in that country may 
contain as much as 42.57 per cent of proof spirit, or, 
according to our correspondent, 44.52 per cent. Where- 
fore it would appear that the generally accepted 
method of adjudging the character of a wine as re- 
gards whether or not it contains added al.vhol is un- 
trustworthy and its adoption, if persisted in, is cal- 
culated to do an injustice ——The London Lancet. 


Erectric Micrometer.—A detailed account of P. E. 
Shaw's electric-contact micrometer gives particulars 
of the supports, covers, contacts, and circuits, the 
calibration of the instrument, and the measurements 
already carried out with it. The instrument is based 
upon the substitution of electric for mechanical con- 
tact, and is chiefly used for determinations of the vi- 
bration of telephone diaphragms. The telephone 
diaphragm under investigation bears a small plat> 
of platinum, and above it and nearly in contact with 
it is mounted a spherometer leg of platinum beaded 
at its lower end. This leg is brought into contact with 
the platinum plate by means of a train of levers 
worked by a fine-pitched screw provided with a pulley, 
which is worked by hand through a belt-gear to avoid 
vibration. ‘The multiplying ratio of the :evers is such 
tnat readings can be taken to within a few wu, and 
the contact can still be heard in a telephone inserted 
in a circuit with the contact pieces and a small bat- 
tery. In this way measurement can be made of the 


on these ships did not trouble the Italian designers. 
It must be borne in mind, moreover, that it is in the 
designs for their armored cruisers that the Italian 
naval architects have scored their greatest hits, and, 
indeed, so successful have they been in this particular 
that many of their fundamental principles of design 
have been embodied in the late cruisers of other na- 
tions. It may be that in this hitherto unprecedented 
disparity between the calibers of the main and second- 
ary batteries the Italians are once more setting the 
pace for their foreign competitors. 

Your correspondent’s second objection is as follows: 
“It is safe to assume that the 6-inch gun will be able 
to deliver more metal within a time limit than the 
7-inch gun, and with the same, probably superior ac- 
curacy due to its more manageable size; for the smaller 
the caliber the greater the rapidity of fire.” Now, it 
is a well-known fact that, as between the theoretical 
rate of fire of a gun and its actual rate of fire under 
conditions of battle, there is a great difference. On 
our new cruisers, the rate of ammunition supply is 
only three shots a minute per gun for the 6 inch rapid- 
firer, whereas the maximum theoretical rate of fire 
for that weapon is six shots a minute. It is at least 
fair to assume, it seems to me, that the rapid-fire prin- 
ciple will be applied to the 7-inch gun, so that three 
shots a minute will be well within the limits of its 
firing rate. It may possibly happen, however, that the 
increase in the weight of shot will decrease the rate 
of ammunition supply to two shots a minute. Assum- 
ing, then, that the weight of the 7-inch shot will be 
about 175 pounds, we find that this weapon is capable 
of delivering at least 350 pounds of metal per minute 
as against 300 pounds for the 6-inch gun, and condi 
tiens would be favorable to the gunner's attaining the 


the necessity for providing a gun of sufficient power 
to offset the improvements in the resisting qualities 
of armor of moderate thickness which have been ef 
fected during the last few years. If past experience 
is to serve as a guide, these improvements will con 
tinue in years to come, and in that case the demand 
for the 7-inch gun will become more imperative than 
it is at present. 

In the contests between guns and armor which have 
been carried out on the proving ground, where all the 
advantage has been given to the gun, armor has gener 
ally had the worst of it. Under battle conditions, 
however, this state of affairs would probably be re 
versed. The Spanish war furnished us with no con- 
clusive evidence as to the relative efficiency of guns 
and armor, yet if the Spanish gun-crews at Santiago 
had been sheltered behind casements of from five to 
six inches of Krupp armor, it is more than doubtful 
if any weapon in the American fleet short of the 8-inch 
rifle would have been effective against them. In con 
nection with this question of guns and armor, I should 
like to make two quotations from the columns of the 
Scirentiric American. The first is taken from an 
article on the Vickers-Maxim 7.5-inch rapid-fire gun 
published in your issue of January 12, 1901, and is as 
follows: 

“The really wonderful improvement in the resisting 
power of light armor of five and six inches thickness, 
such as covers the waterline and guns of modern 
cruisers and the secondary battery of warships, has 
emphasized the necessity of providing a gun inter 
mediate in weight and power between the 8-inch 
breech-loading rifle and the 6-inch rapid-fire gun—a 
weapon that shall embody something of the armor- 
yenetrating ability of the one with the rapidity of fire 
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of the other. It is certain that the 6-inch gun is 
incapable of penetrating the best Krupp armor at 
ordinary fighting ranges even if it happens to strike a 
blow normal to the surface.” 

The second is taken from the editorial page of your 
issue of December 22, 1900, from an article entitled 
“Report of the Chief of the Bureau of Ordnance:” 

“Time was when the 6-inch gun was more than a 
match for the light armor carried by the cruiser class; 
but to-day it is questionable whether the 6-inch shell 
even when fired from guns of the highest velocity will 
have, at the ordinary fighting ranges. sufficient pene- 
trative power to get through the Krupp plates of the 
modern cruiser. The 7-inch or 7'4-inch gun combines 
something of the penetrative power of the 8-inch with 
much of the handiness of the 6-inch weapon, and we 
confidently look to see it adopted as one of the stand- 
ard guns of the navy.” 

These passages call for no comment. 

With regard to your correspondent’s objection to 
placing 7-inch and 8-inch guns on the same ship on 
the ground that it is unwise policy to combine guns 
of such closely allied calibers in the main battery of 
a warship, it only remains to be said that it would be 
more unwise to sacrifice the 8-inch gun. Experience 
has shown it to be the most efficient and destructive of 
any of the weapons employed during the Spanish 
war, and it was probably this fact that has caused 
it to be readopted on our latest battleships. It has 
also become the standard type of heavy gun in the 
batteries of the armored cruisers of the Italian, 
Japanese, and United States navies. Hence, while 
objections may be urged against such a decided in- 
novation as substituting a battery of four 8-inch 
breech-loading rifles and fourteen 7-inch rapid-fire 
guns for one of four 8-inch breech-loading rifles and 
fourteen 6-inch rapid-firers, yet it seems to me that, 
as in the case of the double-turret system, it is a 
plan where the benefits more than outweigh the dis- 
advantages. 

In conclusion, I wish to say something about a 
passage which your correspondent has interpreted in 
a spirit different from which it was meant. I refer 
to the following: 

“If fighting is the primary object of a warship, it 
would certainly seem that her offensive power should 
not be made of secondary importance to other qualities 
in her make-up.” 

Now any ship, whether she be battleship, cruiser, 
or gunboat, may be so designed that her offensive 
power constitutes the principal feature in her make- 
up, without undue sacrifice of the necessary attributes 
of her class, such as speed, bunker capacity and pro 
tection. Examples of this are the Italian “Varese” 
and “Carlo Alberto,” the Japanese “Asama,.” and a 
large number of our own ships, including the “Olym- 
pia” and the battleships of the “Georgia” class. On 
the other hand, we have the “Denver,” which, with 
1,100 tons more displacement, has the same battery 
as the seven-year-old “Marblehead” and is two knots 
slower. We certainly have no reason, or desire, to put 
forward the “Denver” class as being an advanced 
type of the modern warship. Our new armored 
cruisers, however, undoubtedly belong in the first 
rank of all-around fighting ships and, even with their 
present batteries, they will be able to stand up to 
any ship in their class with the exception of the new 
Italian cruisers; yet it seems a pity that, in view of 
their great size and displacement, they should not 
be able to hopelessly outmatch anything in their class 
afloat Patt D. Emons. 

285 Meridian Street, East Boston, Mass., April 8, 
1901. 


SOME INTERESTING IMMIGRATION FIGURES. 


Nevrty a half million people from other parts of 
the world have come into the United States during 
the year 1900, seeking permanent homes. The details 
of the immigration during the ten months ending 
with October gathered by the Immigration Bureau 
and published by the Bureau of Statistics indicate 
that the immigration for the calendar year will reach 
about 460,000. Of this number, more than 100,000 
come from Austria-Hungary, another 100,000 from 
Italy, and nearly another 100,000 from Russia; while 
the United Kingdom furnishes more than 50,000, of 
which number 40,000 are from Ireland. Of the 460,000 
immigrants, fully 450,000 come from Europe, while 
but about 4,000, or less than one per cent, come from 
the tropics 

The indisposition of man in his migrations to select 
a colder country than that to which he has been 
accustomed is distinctly perceptible in the history 
of our immigration. In all the years in which detailed 
records of the country of origin of the millions of 
immigrants who have come into the United States 
have been carefully kept, the tropics have seldom sent 
an average of more than one per cent of the people 
seeking permanent homes in the United States. This 
fact is especially emphasized, however, by the record 
of the year just ended, since it offers the first oppor- 
tunity to observe whether or not the citizens of the 
islands now controlled by the United States indicate 
a disposition to transfer their residence to this coun- 
try. The fact that during that year the immigration 
from Oceania, India, Arabia, Africa, South America, 
Central America and the West Indies combined— 
the entire tropical territory of the world—amounts 
to less than 4,000 people, or less than one per cent of 
the total immigration. indicates the unwillingness of 
the average citizen of tropical lands to transfer his 
residence to even so mild a climate as that which the 
southern part of the United States offers. The further 
fact that during the year 1900 the total number of 
immigrants coming from the Hawaiian and Philip- 
pine Islands into the United States was less than 
250 indicates still further the unpopularity of a climate 
such as our own, even when joined with the m»terial 
prosperity such as exists in no other part of th. world 
with the natives of the tropics. 

The following table shows the total immigration 
into the United States and the number from the 
tropics in each year from 1880 to 1900. The fiscal 
year figures are used in this table, as their details are 
more complete and enable a comprehensive study of 
the immigration record of the period in question and 
especially of the contributions of the tropics to our 
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permanent population. Under the designation of im- 
migrants from the tropics are included all immigrants 
from Mexico, Central America, and the West Indies, all 
of South America, Oceania, all of Africa, and the small 
fraction of Asia which lies south of the tropic of 
Cancer. 

Immigration into the U.S. 


Total From the 
Fiscal Year. Number. Tropics. 

3,511 
1883. 603,322 2,403 
1884... .. 518,592 3,814 
395,346 3,803 
.. 546,889 7,954 
560,319 6,586 
502,917 7,120 
1894... 314,467 4,058 
230,832 4,583 
... 229,299 2,586 
1899... 311,715 3,145 

Total since 1880.....9,548,290 103,230 


THE PROPOSED GANZ SYSTEM IN LONDON. 

Wuite the owners of the Metropolitan and District 
Railways, of London, have not yet decided to operate 
their big underground road by alternating motors, or 
had not up to the time of going to press with this 
issue, various newspaper reports to the contrary not- 
withstanding, the fact that the award for the equip- 
ment of this system to a firm of Hungarian engineers 
for alternating-current motors is being seriously 
considered, has given Americans a shock of a most 
unwonted kind. For the past few years, when any 
important railway contracts were pending, it has not 
been a question as to who, but as to which American, 
was to carry off the prize. But even American finan- 
ciers look a bit carefully at a cool million dollars, and 
so great a difference in price could not fail to produce 
an effect when backed by the guarantees of an old and 
reputable concern like Ganz & Co. We must remem- 
ber that America and Europe are confronting each 
other squarely in a battle royal for the industrial 
supremacy of the world, and that Europe will not 
surrender without a desperate struggle. As American 
manufacturers have already secured many contracts 
abroad, they should look upon the present instance, 
supposing the contract should go to the Continent, 
less as a defeat than as a break in a series of victories. 
Even so, its causes should be subjected to careful 
serutiny to determine the real strategic importance 
of the repulse just experienced. 

In the first place, the great fundamental fact to be 
remembered in Continental competition is that the 
labor cost of electrical manufacture here is nearly, or 
quite, double that abroad. It is an excellent thing to 
laud the superior condition of the American working- 
man just before election time, but however great may 
be his real advantage, and of however great importance 
it may be to our natural growth, the fact remains 
that it does not tend to cheapen those manufactured 
articles in which labor is an important item of cost. 
Nor does the superior efficiency of the American work- 
man compensate in many industries for his higher 
wages. Many of our best mechanics are drawn from 
the ranks of foreign labor, and, though they are most 
welcome citizens, their efficiency is not materially 
changed under the stimulus of free institutions. 

Hence, it comes to pass that electric apparatus can 
be manufactured abroad at lower cost than here, par- 
ticularly when the matter of special designs is in- 
volved. So long as competition is on the basis of 
standard American practice, our manufacturers turn 
out wonderfully good machinery at a very moderate 
cost, but when the practice has to be modified, the extra 
cost of labor begins to count. For another matter 
there is a tendency abroad to expect a narrower margin 
of profit for capital invested than here, so that when 
the foreigner is really pushed he is likely to scalp 
prices to some purpose. 

But with all this, the fact remains that in the par- 
ticular instance before us, the foreign competitor 
has offered a thing which the Americans would not, 
and which the buyer, wisely or unwisely, may prefer. 
If Ganz & Co. win it will be not so much by mere 
eutting prices as by offering a system intrinsically 
cheaper than that upon which the American and Eng- 
lish projects were based. These last were in accord- 
ance with the best American practice, and would have 
provided an admirable working system, excellent in 
itself, and homogeneous with much of the work al- 
ready installed in  ondon,. But the Board of Trade 
regulations concerning the drop in the return circuit 
are so severe that they have already proved a severe 
handicap in the development of electric railway sys- 
tems in Great Britain, and it has been a foregone 
conclusion that, if their rigor continued unabated, 
economical distribution of power could be attained 
only by radical changes in methods. 

Distribution from  sub-stations with rotary con- 
verters has proved wonderfully effective as applied 
in this country, but when there is imposed the condi 
tion of very small drop in the return circuit, the 
multiplication of sub-stations becomes serious, and 
the cost of distribution is necessarily somewhat severe. 
And in the contingency of the development of a really 
successful polyphase tramway system, there could be 
but one logical result under the _ circumstances. 
Whether such a system has really been evolved is a 
matter for experience to determine, but, granting its 
existence, the American projects would inevitably be 
put aside on the mere matter of cost. 

All this is annoying, but we may as well take our 
medicine for what good it may do us. It has been 
clearly evident for some time past that the day was 
approaching in which a polyphase railway system 
would have to be tried out on its merits. There have 
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been plenty of straws to show which way the wind 
was blowing abroad, and no amount of theoretical dis- 
cussion or crying out against non-uniform methods 
and needless innovations could long stave off the time 
of actual trial. For several years past Continental 
engineers have been “trying it on the dog,” and one 
after another polyphase tramway has been shipped 
into out-of-the-way places with fairly encouraging 
results. 

We have published particulars of several of these 
roads, and the subject has more than once been dis- 
cussed in our columns. Engineers on this side of 
the water have been too busy in pushing the splendid 
developments of standard electric railroading to deflect 
their energies into these unwonted channels, but the 
hour has now come in which they must reckon with 
this matter seriously. it is no joke to be underbid a 
million dollars or so, even on a colossal contract, 
particularly when there is also implied the possibility 
of losing other and similar contracts upon the same 
grounds. If Ganz & Co. carry their undertaking to 
a successful conclusion, it will simply be a waste of 
breath to urge distribution through rotary converters 
for heavy railway work on European soil. We are 
well aware of the objections to the use of polyphase 
motors for ordinary tramway work, but in a large 
class of enterprises the chief one, i. e., the complica- 
tion of the working conductors, is no longer of con- 
siderable moment, and the main question becomes one 
merely of fact—as to whether the difficulties of speed 
regulation are, or are not, prohibitive. And this is 
precisely the question to which the London experiment 
will give a definite and conclusive answer. If it suc- 
ceeds, the method involved must be taken into the 
reckoning on every succeeding enterprise of a similar 
character; if it fails on so magnificent a scale, the 
method will probably stay dead for a long time to 
come. 

It now seems to be pretty well established that 
there is no particular difficulty in taking current from 
working conductors at very high voltage, provided a 
proper trolley contact be used; and, inasmuch as it is 
easy to wind induction motors for several thousand 
volts, to say nothing of carrying reducing transformers 
on the trains, the distribution of power for a _ poly- 
phase motor system becomes a very simple matter. 
That it is very much cheaper in this respect than 
any system using continuous currents admits of little 
debate, and that the substitution of static trans- 
formers for rotary converts would, per se, be a de- 
sirable thing is equally evident. The troubles with 
the polyphase system are concentrated in the car 
equipment, and they are mainly connected with speed 
regulation. Nearly all the polyphase motors now in 
use for general purposes are, essentially, constant- 
speed machines, and it is only in rare instances that 
the problem of speed regulation has been faced. But 
in the proposed equipment of the underground, it will 
have to be met in its severest form, for the kind of 
service to be attempted is unusually difficult. 

Three methods may be applied to the variation of 
speed in polyphase motors, as in other motors, i. e., 
changing the field strength, putting resistance in the 
armature circuit, and using series-parallel control. 
The first named is somewhat more troublesome in 
induction than in continuous-current motors, since 
the field strength and armature strength have to be 
changed together, and the torque falls off very rapidly 
under decrease of voltage, and yet, as in direct- 
current practice, this method might be usefully em- 
ployed in conjunction with one of the others. Speed 
control by resistances is very easily obtainable in 
induction motors upon substantially the same terms 
as in the case of the ordinary rheostatic control of 
street car motors. Obviously, then, it may be suc- 
cessfully used under conditions in which such control 
would not be objectionable when using continuous 
currents. Finally, the “cascade,” or “concatenated,” 
control employed by Ganz and others, resembles 
rather closely in its effects the ordinary series-parallel 
control familiar in railway practice. It is, however, 
apparently in rather a crude state as compared with 
this latter. But we must not forget that series-parallel 
control was tried on street railways a decade ago, 
and put aside as too complicated and troublesome, 
and has attained its present perfection only through 
some years of most careful and persistent work. Hence, 
one is not justified a priori in predicting failure for 
similar methods applied to polyphase traction. It is 
a question to be settled by trial under service condi- 
tions, which is precisely the test that is going to be 
applied in London. 

As regards the motors themselves, the polyphase 
machines should be entirely satisfactory. At the 
voltage ordinarily used for tramway work there is no 
reason to regard them as being, from an operative 
standpoint, either better or worse than other motors. 
They have no commutators, it is true, but the commu- 
tator is at present far from being the weak point 
in the continuous-current railway motors. But if the 
voltage of the working conductors is to be raised 
materially for the sake of a more economical system 
of distribution, the absence of a commutator must 
become a very material advantage. It is by all its 
parts that a traction system must be finally judged, 
and it is quite conceivable that the advantages of a 
pure polyphase system in the economical distribution 
of power might justify its use in spite of material dis- 
advantages in the matter of speed regulation. Such 
questions as these cannot be settled save by the results 
of experience on a large scale. 

This kind of information is very likely to be costly, 
and we do not feel really saddened by contemplation 
of the fact that, in the present instance, Americans 
will not have to foot the bills, although they will profit 
by the results. We certainly should regret the fail- 
ure of Ganz & Co. in their somewhat daring under- 
taking, but, whether they succeed or fail, it is a good 
thing for the art that the experiment should be tried. 
Only by such bold enterprises has it advanced in the 
past, and those who take no chances must generally 
be contented with scanty rewards. It is certainly 
annoying to our pride to have so important a contract 
lost by our countrymen, but if in the end they shall 
profit by it, the loss is far less to be regretted. But 
we desire to impress upon American engineers the 
necessity of making the most of their opportunity, of 
following up the London work very closely, and of 
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taking the whole matter up seriously and earnestly. 
If. in the fullness of time, the art of electric traction 
is to undergo so radical a change as the substitution 
of polyphase for continuous-current motors, or if even 
the larger traction problems alone are destined to be 
solved by such means, we Americans should keep in 
our accustomed place in the front line of progress. 
The time has assuredly come when active and thorough 
experiments on polyphase traction should be begun, 
even if the work is not pushed commercially. As to 
the probable results of the London experiment, the 
data are insufficient to enable us to venture more than 
a cautious guess. Our general impression is that they 
will attain some considerable measure of success, but 
that they will indicate rather a special field for such 
methods than any wholesale change in the art.—Street 
Railway Journal. 


‘RADE SUGGESTIONS FROM UNITED STATES 
CONSULS. 


German Perfumery Industry.—The German per- 
fumery industry is growing steadily and gains cus- 
tomers who formerly dealt exclusively in French and 
English perfumery. During the period of commercial 
tr aties, the export of German perfumeries has largely 
increased. While for 1891 the exports of soaps and 
perfumeries amounted to but 9,400,000 marks ($2,237,- 
200), they had grown to about 17,000,000 marks ($4,- 
0/5,000) in 1899. In 1900 the exports of soaps show 
considerable decrease, while those of perfumeries show 
a sain. The value of perfumery exported in 1900 was 
1' 000,000 marks ($2,618,000), against 10,300,000 marks 
(° 2,451,000) in 1899 and 8,600,000 marks ($2,046,800) in 
Is¢8. The large increase in the exports of perfumeries 
dotes from 1895. They have met with favor in Eng- 
le id, in British Africa, and in India. Holland, Russia, 
Austria-Hungary, Turkey, Egypt, China, Chile and 
A istralia consume German perfumery. 

Che chemical odors and artificial ethereal oils of 
© rman manufacture have greatly injured the French 
f! wer-field industry, as the prices for the artificial 
ovors are much less than those of the natural ones. 
Che showing in exports of toilet soaps is less favor- 
le, mainly, it is claimed, on account of low prices 
used by lively competition. Besides, as is claimed 
re, there still exists a popular prejudice in favor of 
ench and English toilet soaps. Still, if the exports 
©. toilet soaps in 1900 are compared with those of 1891, 

great gain is observed, viz., 1,262.4 tons in PS891 

ainst 3,922.4 tons in 1900.—Richard Guenther, Con- 
il-General at Frankfort. 


Corn Kitchens in Germany.—Germany imported last 
vear 1,384,157 metric tons (1 metric ton = 2,204.6 

vsunds) of corn, against 1,626,595 tons in 1899, says 
|. W. Harris, Consul at Mannheim. By far the greater 
part of this comes from the United States, although 
tie imports from the Argentine Republic and other 
‘ountries form an aggregate of some importance. This 
‘real is destined to become an important article of 
food in Germany, as well as in other portions of Eu- 
repe, and our people can do much to aid in its introduc- 
tion. That the German people are not wedded to rye 
bread and to wheat bread is to be seen in the great 
favor with which oatmeal and rice are received. The 
introduction of oatmeal is a matter of recent date, but 

is already looked upon as a necessity, in spite of the 
fact that but a single brand is obtainable in most 
places, 

The average German is certainly prejudiced against 
orn as an article of food, except for cattle and swine; 
ut that this prejudice can be overcome there is little 
loubt. He has no hesitancy in using corn starch, nor 
foes he object to beet sugar, although beets form an 
mportant article of food for cows; and if he can be 
hown that corn properly ground and prepared makes 
: palatable, wholesome and cheap article of food, his 
opposition will, in my judgment, disappear. 

I believe that a plan involving some of the features 
of the “corn kitchen” at the Paris Exposition would be 
‘the most feasible one to familiarize the German people 
with the value of corn as an article of food. Under 
competent direction, kitchens could be conducted at a 
comparatively small expense in the larger German 
ities. In the kitchens corn prepared in various ways 
could be served free at a nominal cost. Special after- 
noons and evenings could also be devoted to pupils 
from the cooking schools, to grocers and supply houses, 
housewives and others, 

In connection with the kitchen ample facilities should 
be afforded for showing, by charts and otherwise, the 
value of the grain as a food product, its consumption 
in other places, the cost of production, statistics of 
corn-producing States, samples of the grain, illustra- 
tions of the machinery and implements used in its cul- 
ture and preparation, ete. 

As a necessary corollary to the above an abundant 
supply of corn meal and other preparations of corn 
should be placed in store at important shipping points, 
as Hamburg, Mannheim, etc., from which dealers could 
be promptly supplied. 

Such an enterprise would need efficient management. 
A large number of assistants would not be necessary, 
though they should be chosen with great care. If is 
probable that young men and young women could be 
secured from some of our colleges who, at little more 
than the actual expense of traveling, would be glad of 
the opportunity to render assistance, as it would be an 
excellent chance for them to learn the language and 
customs of the people. 

In most of the larger cities are resident Americans, 
who, if solicited, would be able to make valuable sug- 
gestions. The United States consuls, so far as possible, 
would doubtless aid in getting the consent of local 
authorities for the establishment of the enterprise and 
in arousing interest therein. 

Many of the large manufacturing concerns in this 
consular district are providing kitchens in which their 
employes of both sexes are provided with meals at low 
prices. I believe some of these manufacturers would 
take a personal interest in a matter of this kind and 
would perhaps lend the project substantial aid. A 
gentleman living in this city, and at the head of one 
of the largest manufacturing establishments of its kind 
in Europe, was at Paris several months during the ex- 
position. He told me recently that the “corn kitchen” 


had interested him greatly and that he had visited it 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 


often and had been much surprised at the variety of 
corn dishes served there. 

While im 1899 nearly 7 per cent., and in 1900 more 
than 6 per cent. of al! the corn imported by Germany 
came to Mannheim, an American residing here for many 
years past told me recently that he had never been 
able to buy any corn meal in this city of about 200,000 
inhabitants; that he had used it in his family, but had 
it sent from England; and that the local mills to 
which he had applied were not equipped for grinding 
corn meal. 

Il am told that the kitchen idea was tried here some 
years ago by parties introducing a substitute for coffee, 
and that it led to enormous sales of the product. 

In addition to the corn received at Mannheim yearly, 
more than 20 per cent. of all the wheat imported by 
jermany during each of the last two years came to this 
city, besides vast quantities of rye, oats and barley. 
From this it would appear that Mannheim offers special 
advantages as a center of distribution for corn as well 
as for other American products. 

While the agrarians are viewing with alarm the 
adoption of our oatmeal and other food products, and 
are striving for an increase of the tariff on grain, there 
is, as is well known, a strong feeling in favor of the 
cheapening of food products in Germany. This feeling 
can be best described by quoting from a petition at 
present circulating in this city against an increase of 
the tariff on grain. It is addressed to the Reichstag 
and has the approval of the Mannheim press. It states, 
among other things: 

The greatly predominating majority of the German 
people, the millions of German laborers, mechanics, 
office employes, merchants and husbandmen, have the 
deepest interest that the cost of the necessaries of sub- 
sistence shall not be increased by a measure which can 
profit only a small number of well-to-do land proprie- 
tors, and must bring with it the great disadvantage of 
endangering our own export trade and impairing our 
commercial relations in other lands. 


German Information Office for Foreign Commerce.— 
I am informed that a commission of the German Board 
of Trade has considered the question of the establish- 
ment of an information office for foreign commerce, 
says Consul O. J. D. Hughes, of Coburg. In some 
quarters it is doubted whether such an institution can 
be of any real service, as it may compete with bureaus 
already existing. Its promoters urge that the United 
Kingdom, United States and France having anticipated 
Germany in this respect, this country dare not long 
remain behind. The new organization is not to super- 
sede, but to complete, the old one. To finance the affair 
it is proposed that three thousand firms should each 
subscribe annually $25; the commercial chambers 2 
per cent. of their receipts; from unions, from the Em- 
pire, from the city of Berlin, an approximate sum of 
$50,000 is expected. The work of the information office 
would consist in furnishing information on laws and 
decrees relating to trade with foreign lands, duties on 
each single article, regulations as to certificates of 
origin, agents, commercial travelers, protection of 
patents, information as to means of transport, cost of 
freight to districts where goods are required, or from 
which goods may be obtained. It is especially urged 
that reliable information should be given as to the 
addresses of respectable foreign solicitors. It is also 
expected that the German consular corps will help the 
project in every way in their power. 


American Tubing in Great Britain.—Consul Marshal 
Halstead, of Birmingham, under date of February 19, 
1901, says that The Birmingham Daily Mail is re- 
sponsible for the statement that a “ring” of English 
tube makers, by excessive demands at the last bidding, 
forced the Birmingham gas committee to purchase 
American-made tubing for fittings. The British quota- 
tions, he adds, were so high that an American firm 
succeeded in selling tubing “at a figure which no one 
in England could touch, and not only was the price 
cheap, but the quality was vastly superior.” Although 
the combination is not so strong this year, “so satis- 
factory has the American product proved that it will 
hardly be surprising if the gas committee,” now ready 
for a new purchase “asks for tenders from America.” 


Testing Precious Stones.—In a lecture on precious 
stones, recently delivered before the Industrial Asso- 
ciation of Berlin, Dr. Immanuel Friedlaender said that 
the testing of diamonds is comparatively simple. The 
common test for hardness suffices. If the stone resists 
strong attacks, it is certain to be genuine; if it does 
not, the damage is insignificant, as only an imitation 
has been destroyed. This test, however, is doubtful 
with rubies. If a ruby can be affected by a steel file 
or by quartz, it is surely not genuine; but such a test 
with a topaz is liable to injure a valuable stone. 

The test for hardness is of no avail with emeralds, 
as this stone is not much harder than quartz, and in 
addition possesses the quality of cracking easily. 

For examining rubies and emeralds, the optical test 
is best. A glass magnifying about one hundred times 
suffices, Every expert knows that almost all precious 
stones have little flaws. Nearly every ruby and all 
emeralds have many defects, which are so character- 
istic that the genuineness of the stones is readily 
established. Such a test is very necessary with rubies, 
because the imitations are very deceiving. Their color 
is absolutely durable and often much finer than that 
of the genuine, although it may be stated that a 
somewhat yellowish tint is always suspicious. 

The only reliable way in which genuine rubies can 
be told from imitations is by the minute air bubbles of 
the latter, which become clearly visible under the 
magnifying glass. These are not to be found in the 
natural gem; on the other hand, the imitations lack 
certain defects characteristic of genuine rubies—cer- 
tain vacuums, whose outlines are much more indistinct 
than those of the air bubbles in imitations. 

True emeralds have similar characteristic defects, 
such as ineclosures of liquids and curious dendrites. 
Sapphires also show peculiar netlike formations. 


New Incandescent Lamp in Norway. —Under date of 
February 23, 1901, Consul-General Guenther, of Frank- 
fort, says: 

It is reported that Ch. Petersen, of Christiania, has 
constructed a new incandescent lamp. which is of in- 
terest on account of its peculiar arrangement. For 
the radiation of light, a conductor of the second class, 
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which conducts electricity only when heated, is used, 
the same as in the “Nernst” lamp. The conductor in 
this new lamp, however, is not a thread, but a small 
rod, which is brought to a white heat and thereby 
emits light. Around this “second-class” conductor 
a thin metal wire of good conductivity is wound, 
which is connected with the current conductor by 
equalizing resisters, which serve the purpose of heat- 
ing the second-class conductor and increasing the re- 
sistance of the current. The second-class conductor 
takes up the greater part of the current. This ar- 
rangement results in a great saving of the electric 
power, which about equals that of a Nernst lamp, but 
yields a considerably stronger light. 


Fishy Butter in Australia.—Consul Goding, of New- 
castle, January 29, 1901, reports that a discovery of 
importance to the dairying interests of the world has 
been made by the agricultural department of New 
South Wales. As the result of experiments with re- 
gard to “fishy” butter, the dairy expert has succeeded 
in isolating the micro-organism which causes that dis- 
ease. For several years, says Mr. Goding, this matter 
has been the subject of scientific investigation, the 
peculiar liability of butter to become fishy being one 
of the greatest difficulties to be contended with in the 
export trade of this article. Hence the discovery is 
not only of scientific interest, but of considerable 
commercial importance. The consul adds that not 
only is the expert satisfied as to the correctness of his 
diagnosis, but that he has inoculated sterile cream 
with the organism and actually succeeded in producing 
fishy butter. 


Production of Steel by Electricity in Sweden.— 
Consul Nelson, of Bergen, under date of January 30, 
1901, reports a successful attempt to produce steel by 
electricity in Sweden. The consul says: 

The experiments are being carried on at Gysinge 
factory, Sweden, and about 25,000 pounds of steel are 
produced in six drafts daily. The steel is of an ex- 
cellent quality and meets with ready sales at high 
prices. On account of the relatively cheap method of 
production the profits are large, but as the electrical 
power is limited, the output is insignificant. To over- 
come this drawback, plans have been formed for the 
erection of a large electric plant near the Dalafuen 
River, the water power of which will be utilized. This 
will enable the company to carry on the manufacture 
of steel by electricity on a large scale. 


American Vines for Germany.—Under date of Feb- 
ruary 20, 1901, Consul-General Guenther, of Frankfort, 
reports that a committee on grapevine culture of the 
Agricultural Society of Rhenish Hessen has reported 
that thorough, practical experiments should be made 
with the planting of American grapevines in that sec- 
tion, as, according to experience, the hybrids produced 
by crossing American and European vines will play an 
important role in grape culture as soon as the quality 
of the product becomes sufficiently valuable. In the 
Hessian Agricultural Journal, however, the well-known 
phylloxera expert, Mr. Dosch, has just published a 
lengthy article in which he declares himself as most 
decidedly opposed to the views of the above-mentioned 
committee. 


Milk Adulteration in Germany. —Consul-General 
Guenther, of Frankfort, February 11, 1901, writes that, 
according to the report of the Heilbronn Board of 
Health, of 122 samples of milk examined 67 proved to 
be adulterated with 20 to 120 per cent of water. 

Under date of February 25, Mr. Guenther adds: 

A test of 3,794 samples of milk, made in Hamburg in 
1900, resulted in proving 12 per cent. objectionable; 
25 per cent. of this on acount of addition of water. 
Fifty per cent. of the cans were objected to. A mem 
ber of the board of health has prepared statistics show 
ing that 8 per cent. of the children born in that city 
die in consequence of malnutrition. 


Saxe-Altenburg Chamber of Commerce. —Consul War- 
ner reports from Leipzig, February 7, 1901, that the 
business men of the Duchy of Saxe-Altenburg have 
organized a chamber of commerce. Formerly a_ busi 
ness men’s club was the medium through which mat- 
ters of commercial importance were discussed, The 
principal industries of the Duchy of Saxe-Altenburg 
are farming, brown-coal mining and manufacturing of 
briquettes, woolen dress goods, cotton and leather 
gloves, musical instruments, machinery, drugs and 
chemicals. 

New Steel for German Industries.—Consul-General 
yuenther, of Frankfort, February 4, 1901, notes that 
German papers are discussing an expected revolution 
in the equipment of works employing tool machines, 
on account of the use of “Béhler’s rapid” steel. New 
tool machines have been ordered by many German 
establishments, those now in use being of too light con- 
struction to meet the increased cutting velocity of the 
new steel. 


Mining Company in Peru.—Minister Dudley trans- 
mits from Lima, January 16, 1901, copy of the pro- 
spectus of a company recently formed in that city, 
with a nominal capital of 500,000 soles ($243,500), to 
drain the inundated mines in the region of Cerro de 
Pasco. The nrospectus has been filed for reference in 
the Bureau of Foreign Commerce. 


INDEX TO ADVANCE SHERTS OF CONSULAR 
REPORTS. 


No. 999. April 1.—*Tvpewriters and Adding Machines in Germany 
*Multivlex Type-Printing Telegraph—*The German Toy Industry 
*New Harbor in Notway; Mining Development—*New Smelter in 
British Columbia. 


No, 1000, April 2.—New Russian Tariff—Geneva-Chamounl Elec 
trie Railway — Larger Freight Care for German Railroads — Rome. 
Naples Electrie Roilwav — Wharf Concession at Guayaquil Street- 
Car Advertising in Leipzig. 

No. 1001. April 3.—The Railwave of Canada—Merchant Marine 
ad Russia —*English Demands for Machines for Printing Paper Tang- 
nge. 


No. 1002. April 4,.—The Russian Petroleum Trade. 
No. 1008. April 5.—Proposed Tariff on Corn in France. 
No. 1004. April 6,—Electrolysis in Bleaching Textiles. 


The Reports marked with an astertsk will be published in the Screw. 
trric Interested parties can obtain th: other 
Renorte_ bv application to Burean of Foreign Commerce, Department of 
Stare. Washington. D. C., and we suggest immediate application before the 
eupply is exhausted. 
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SELECTED FORMULAE. 
BAKING POWDER. 


Bicarbonate of soda ......... 1 pound 
Starch (powdered) .......... % pound 


3. Cream of tartar ......... .... 2 pounds 
Bicarbonate of soda .......... 1 pound 
Starch (powdered) .......... %, pound 

3. Acid phosphate of lime ....... 1'. pounds 
Bicarbonate of soda .......... 1 pound 
Starch (powdered) .......... 1% pounds 

4. Acid phosphate of lime ....... 2 pounds 
Dried ammonia alum ........ 2 pounds 
Bicarbonate of soda .......... 3 pounds 
Starch (powdered) .......... 5 pounds 

5. Dried ammonia alum ........ 1 pound 
Bicarbonate of soda .......... 1 pound 
Starch (powdered) .......... 1 pound 


The ingredients, all finely powdered, should be first 
sifted separately, to get rid of all lumps, then the soda 
and starch should be well mixed together, and finally 
the acid ingredients should be added, and all thor- 
oughly incorporated, either by rubbing together in a 
mortar or by sifting at least three times. Flour can 
be used in place of starch, and is considerably cheaper. 

A recipe is given for each variety of baking powder, 
though there is considerable objection to alum pow- 
ders. The amount of starch can be increased in any 
of the recipes, the other ingredients being left the 
same. The powder in this way can be made at almost 
any price desired. The starch is simply used to keep 
the chemicals in a powdered form from acting upon 
each other.—Pharmaceutical Era. 


ALMOND CREAM, 


Dieterich gives this formula: 


2 OUNCES 
White wax .... 


Sweet almond oil . fl. ounces 
Water, fl. ounces 
Borax, powder .......+++. 60 grains 


Coumarin grain 
Oil of bergamot ...... cose drops 
Oil of bitter almond ..... . 8 drops 


Tincture of ambergris .... 5 drops 


Melt the spermaceti and wax, add the sweet almond 
oil, then incorporate the water in which the borax has 
previously been dissolved, and finally add the oils of 
bergamot, rose, and bitter almond. 

Here are some formulas for creams containing sweet 
almond oil in emulsion or saponaceous form: 


2. Ointment of rose water .. 1 ounce 
Oil of sweet almonds .... 1 fl. ounce 


Se s 1 fl. ounce 

Solution of soda ......... 2 fl. ounces 
Mucilage of quince seed.. 4 fl. ounces 


Water, enough to make .. 40 fi. ounces 
Oil of rose, 
Oil of bitter almonds, of 

each, sufficient to per- 

fume. 


Heat the ointment, oil and solution of soda together, 
stirring constantly until an emulsion or saponaceous 
mixture is formed. Then warm together the glycerin, 
acid and mucilage and about 30 fluid ounces of water: 
mix with the emulsion, stir until cold, and add the 
rémainder of the water. Lastly, add the volatile oils. 

The rose water ointment used should be the “cold 
cream” of the U.S. P 


3. Sweet almonds, blanched .. 5 ounces 


Castile soap, white ........ 120 grains 
White wax 120 grains 
Spermaceti 120 grains 
Oil of bitter almonds 10 drops 
Oil of bergamot . 20 drops 
Alcohol tuts 6 fl. ounces 


Water, sufficient 


Make an emulsion of the almonds with water so as 
to obtain 16 fluid ounces of product, straining through 
cotton which has previously been washed to remove 
starch. Dissolve the soap with the aid of heat in the 
necessary amount of water to form a liquid, add the 
wax and spermaceti, continue the heat until the latter 
is melted, transfer to a mortar, and incorporate the 
almond emulsion slowly with constant stirring until 
all has been added and a smooth cream has been 
formed. Finally add the two volatile oils.—Pharma- 
ceutical Era. 


Cream for Kid Leather.—Cream for greasing fine 
varieties of leather, such as kid, patent leather, etce., 
is produced as follows, according to tried receipts: 


CREAM, 


we 
Glycerin, technical......... 25 
Mirbane oil......... ad libitum. 
BLACK CREAM, 
Glycerin, technical.......... 
Custor ofl, techmiecal coum 


Dye black with lampblack and perfume with oil of 
mirbane. 


COLORED CREAM. 


Castor oil 2 


Dye with any desired dye stuff, e. g.. red with 
anchusine, green with chlorophyl. In summer it is 
well to add some wax to the first and second prescrip 
tions.—Pharmaceutische Zeitung. 


VALUABLE BOOKS 


JUST PUBLISHED 
The Progress of Invention in the Nineteenth 
Century. 


By EDWARD W. BYRN, A.M. 


Large Octavo. 480 Pages. 300 Tllustrations. Price by Mail, Postpaid. 
Half Red Morocco, Gilt Top, & 


The most important book ever published on invention and discovery. 
It is as readable as a novel, being written in ot eed style 

The boek gives a most compre hensive and coherent account of the pro- 
gress which distinguishe s this as the “ golden age of invention,” resulting 
in industrial and commercial development which is without precedent, 
A chronological lendar of the leading inventions is one of the most im- 
portant features of the book, enabling the reader to refer at a glance to 
important inventions and discoveries of any particular year. The book is 

vrinted with large type, on fine paper, and is e laborately illustrated with 

a0) engravings and is attractively bound. 


EXPERIMENTAL SCIENCE. 


By GEORGE M. HOPKINS. 


This is a book full of interest and value for teachers. students and others 
who desire to impart or obtain a practical knowledge of Physics 

This splendid work gives young and old something wi thy of thought. 
It has intluenced thousands of men in the choice of a career. It will give 
anyone. young or old, information that will enable him to comprehend the 
great improvements of the day. It furnishes suggestions for hours of in- 
structive recreation. 

ath edition. Revised and enlarged. 914 pages. S®illustrations. Ele- 
cantly bound in cloth. Price, by mail, postpaid, $4.00; Half Morocco, 


THE SCIENTIFIC AMERICAN 
Cyclopedia of Receipts, Notes and Queries 


Edited by ALBERT A. HOPKINS. 


This splendid work contains a careful compilation of the most useful 
Receipts and Replies given in the Notes and Queries of correspondents 
as published in the SCIENTIFIC AMERICAN during the past fifty years; 
together with many valuable and important additions 

Over twelve thousand selected receipts are here collected ; nearly 
every branch of the useful arts being represented. It is by far the most 
comprehensive vo ‘lume of the kind ever placed before the public. 

12.400 receipts. T4 pages.. Price $3 in cloth; $6 in sheep; $6.50 in 
half morocco ; postpaid. 


A COMPLETE ELECTRICAL LIBRARY. 


By Prof. T. OCCONOR SLOANE. 


An inexpensive library of the best books on Electricity. Put up ina 
neat folding box. For the student, the amateur, the workshop, the 
electrical engineer, schools and colleges. Comprising tive books as follows: 
Arithmetic of Electricity, 158 pawes................. 
Electric Toy Making 140 pages 
How to Become a Successful Electric ian. ‘is paxes: 
Standard Electrical Dictionary, 682 page: 
Electricity Sim plitied, 158-pages 

ive volumes, 1.3)) pages, and over illustrations, 
A valuable and indispensable addition to every library. 

Our Great Special Offer.—We will send prepaid the above five 
volumes, handsomely bound in blue cloth, with silver lettering, and in- 
closed in a neat folding box, at the Special Reduced Price of ! $5. 00 
tor the complete set. The regular price of the tive volumes is $7.4 


MAGIC 


Stage Illusions and Scientific Diversions, including Trick 
Photography. 
By A. A. HOPKINS. 


The work appeals to old and young alike, and it is one of the most 
attractive holiday books of the year. The illusions are illustrated by the 
highest class of engravings, and the exposés of the tricks are, in many 
cases, furnished by the prestidigitators themselves. Conjuring, large 
stage illusions, fire-eating, sword-swaliowing, ventriloquism, mental 
magic, ancient magic, automata, curious toys, stage effects, photographic 
tricks, and the projection of moving photographs are all well described 
and illustrated, making a handsome volume. It is tastefully printed and 
bound. Acknowledged by the profession to be the Standard Werk on 
Magic. %*8 pages. 42 illustrations. Price $2.50. 


AN AMERICAN BOOK ON 


Horseless Vehicles, Automobiles and 
Motor Cycles. 


OPERATED BY 


Steam, Hydro-Carbon, Electric and Pneumatic Motors. 
By GARDNER D. HISCOX, M.E 


This work is written on a broad basis, and comprises in its scope a full 
illustrated description with details of the progress and manufacturing ad- 
vance of one of the most important innovations of the times, contributing 
to the pleasure and business convenience of mankind 

The make-up and man: ment of Automobile Vehicles of all kinds is 
liberally treated, and in a way that will be appreciated by those who are 
reaching out for a better knowledge of the new « in locomotion. 

The book is up to date and very fully illustrated with various types of 
Horseless Carriages, Automobiles and Motor Cycles, with details of the 
same. Large Svo. About 459 pages. Very fully illustrated. Price 83.00, 
postpaid. 


GAS ENGINE CONSTRUCTION. 


By HENRY V. A. PARSELL, Jn., Mem. A. L. Elec. Eng., and 
ARTHUR J. WEED, M.E. 


PROFUSELY ILLUSTRATED. 


This book treats of the subject more from the standpoint of practice 
than that of theory The principles of operation of Gas Engines are 
clearly and simply described, and then the actual construction of a half- 
horse power engine is taken up 

First come directions for making the patterns; this is followed by all 
the details of the mechanical operations of finishing up and fitting the 
castings It is profusely Ulustrated with beautiful engravings of the 
actual work in prowress, showing the modes of chucking, turning, boring 
and tinishing the parts in the lathe, and also plainly showing the lining up 
and erection of the engine 

Dimensioned working Growtage sive clearly the sizes and 
forms of the various details 

The entire engine, with the e xee ption of the fly-wheels, is designed to 
be made on a simple eight-inch lathe, with slide rests. 

The book closes with a chapter on American practice in Gas Engine 
design and gives simple rules so that anyone can figure out the dimensions 
of similar engines of other powers 

Every illustration in this book is new and original, having 
been made expressly for this wer 

Large 8vo. About 00 pages. Price 22.50. post paid. 


MECHANICAL MOVEMENTS, 


Powers, Devices, and Appliances. 
By GARDNER D. HISCOX, ME. 


A Dictionary of Mechanics 
ances, embracing an illustr 1 description of the est variety of 
mechanical movements and devices in any language. A new work on 
illustrated mechanics, mechanical movements, devices and appliances, 
covering nearly the whole range of the practical and inventive field, for 
the use of Machinists, Me nies, Inventors, Engineers, Draughtsmen, 
Students dall others interested in any way in the devising and opera- 
tion of mechanical works of any kind. 

Larue 10 pages. 1.4% filustrations Price 83. 


Liquid Air and the Liquefaction of Gases. 


By Prof. T. SLOANE. 


This book contains the full theory of the subject. It gives the entire 
history of the Liquefaction of earliest time to the present, 
and contains an illustrated d the experiments that have 
excited the wonder of audiences all over the country. It is a logical 
explanation and application of the principles of liquefaction. a history of 
the theory, > of liquid «ir. 4 book that renders 
simple one * most perplexing chemical probiems of the century. 
Startiing developments illustrated by actual experiments. It is not only 
werk of scientific interest and authority, but is intended for the general 
jer, being written in a popular style easily understood by everyone. 
> pages. With many illustrations. P rice 82.50 


GW Full descriptive circulars of above books wiil be ities free upon ap- 
plication. 


MUNN & CO., Publishers, 361 Broadway, NW. Y. 
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Scientific American Supplement. 


PUBLISHED WEEKLY. 


Terms of Subscription, 85 a Year. 


Sent by mail, postage prepaid. to subscribers in any 
part of the United States or Canada. Six dollars a 
year. seat, prepaid, to any foreign country: 

All the back numbers of THE SUPPLEMENT, from the 
commencement, January 1, 1876, can be had. Price, 
10 cents each, 

All the back volumes of Tak SUPPLEMENT can like. 
wise be suppiied. Two volumes are issued vearly, 
Price of each volume, $2.50 stitched in paper, or $3.50 
bound in stiff covers, 

COMBINED RATEs.—One copy of SCIENTIFIC AMERT- 
CAN and one copy of ScIENTIFIC AMERICAN SUPPLE- 
MENT, ohne year, postpaid, $7.00 

A libera! discount to booksellers, news agents and 
canvassers, 


MUNN & CO., Publishers. 361 Broadway, New York. 


> 
TABLE OF CONTENTS. 

PAGE 
I. ARCH ZOLOGY.—Recent Discovery of Greek Statues ..... 
Il, COMMERCE.—Our Rank as an Exporting Nation.................. 2116 
Trade Suggestions from United states Consuls ................... 23 ) 

IIL. EDUCATION.—The Function of Hand Work in the School.—By 
Iv. ECTRICITY.—Contemporary Electrical Science ............... 21161 

ectrical Oscillations and Electric Waves.—By Dr. J. A. FLEM- 

2 illustrations 21) 
The Influence of Submarine Cables ‘upon Military and Naval 
Supremacy.—By GEORGE O. SQUIER............... 21 

he Improved Hughes Printing- Telcaraphs. 
The Proposed Ganz System in London........ ............ eo 
V. IMMIGRATION.—Some Interesting Immigration Figures......... 21164 
Vil. MECHANICAL ENGINEERING.—Grisson Gearing. — 10 illus- 
2114 
VIL. MISCELLANEOUS.—Changing the English Stamps... 21155 
Selected 6 


enlot Machine for Car Tickets es 
The Limit of Alcohohe Strength of Natural Wines of 


IX. ORDNANCE AND ARMOR. — Seven-Inch vs. Six-Inch Guns 
The Creusot Pavilion at the Exposition of 1900.—2 illustrations. 2115s 


X. SURVEYING.—The New York State Survey.—1 illustration....... 2116 


Automobiles. 


The ScrENTIFIC AMERICAN for May 13, 1899, is 
devoted mainly to illustrations and detailed de- 
scriptions of various types of horseless vehicles. 
This issue also contains an article on the mechanies 
of the bicycle and detailed drawings of an automo- 
bile tricycle. Price 10 cents. 

The following copies of the ScIENTIFIC AMERI- 
CAN SUPPLEMENT give many details of Automo- 
biles of different types, with many illustrations of 
the vehicles, motors, boilers, etc. The series make 
a very valuable treatise on the subject. The num- 
bers are: 732, 979, 993, 1053, 1054, 1055, 1056, 1057, 
1058, 1059, 1075, 1078, 1080, 1082, 1083, 1099, 1100, 
1118, 1122, 1178, 1195, 1199, 1206, 1210. SuPPLE- 
MENT No. 1229 contains a highly interesting article 
giving full data as to operating costs of horse and 
electric delivery wagors in New York city. Price 
10 cents each, by wail. For sale by all newsdeal- 
ers, or address 

MUNN & CO., Publishers, 


361 Broadway, - - - New York City. 


BUILDING EDITION 


OF THE 


SCIENTIFIC AMERICAN. 


Those who contemplate building should not fail to 
subscribe, 


ONLY $2.50 A YEAR. 


Semi-annual bound volumes $2.00 each, yearly 
bound volumes $3.50 each, prepaid by mail, 

Kach pumber contains elevations and plans of a 
variety of country houses; also a handsome 


COLORED PLATE. 
SINGLE COPIES - - - - 25 CENTS EACH. 
MUNN & CO., 36! Broadway, New York. 


ATENTS! 


MUNN & CO., in connection with the publication of 
the SCIENTIFIC AMERICAN, continue to examine im- 
provements, and to act as Solicitors of Patents for In- 
ventors. 

In this line of business they have had over fifty years’ erpenence, and 
now have unequaled facilites for the preparation of Patent Drawings. 
Specitications, and the prosecution of Applications for Patents in the 
United States, Canada, and Foreign Countries. Messrs. MUNN & Co. also 

attend to the preparation of Caveats. Copyrights for Books, Trade 
Marks. Reissues, Assignments. and Reports on Infringements of Patenta. 
All business intrusted to them is done with special care and promptness, 
on very reasonable terms. 

A pamphlet sent free of charge on application containing full informa 
tion aboat Patents and how to procure them ; airections concerning Trade 
Marks, Copyrights. Designs. Patents, Appeals, Reissues, Infringements, 
Assignments, Rejected Cases, Hints on the Sale ot Patents, etc. 

We also send, free of charge, a Synopsis of Foreign Patent Laws showing 
Se cost gue method of securing patents in all the principal countries of 

e world 


MUNN & CO.,, Solicitors of Patents, 
361 Broadway, New York. 
BRANCH OFFICKS.--No. 625 F Street, Washington, D. 


: 
= 
50.00 
~ 
: 
NATURAL HISTORY. — Swordfish and Tunny. —1 illustra- 
¥ 
. 


= 
= 


tion of 


ine im- 


for In- 


and 


Wings, 


ce, 


the 


also 


in 


Trade 


atents, 


ptness, 


howing 


es of 


